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“The efficiency of 
The MotaVeyor is 
certainly very good, 
and under present 
conditions we could 
not have handled 
the number of 
parcels with our 
old type of hand- 
ling equipment.” 


HIGHAMS LIMITED 


Utilising space high up in the roof The production engineers in almost every industry 


MotaVeyor is seen carrying packages of by showing such benefits as those quoted 


sheets to the store in the mill of Highams .| above. A performance of this nature is by 


Limited of Accrington. This versatile belt no means uncommon, for wherever The 





conveyor of unit construction is assisting MotaVeyor is used it calls forth similar praise. 


MAKERS OF THE COLLIS TRUCK 





Writ2 for full details to: 
Cept. E.18. J. Collis & Sons, Ltd., 
42-41 Regent Sq., Gray’s Inn Rd., 
London, W.C.I. Ter. 6141 


NAME THAT CARRIE S WEIGHT 

















The illustration shows pressure die cast com- 
ponents for Servis Recorders. Our customer 
says. We have been using your aluminium 
pressure castings for upwards of twenty years 
and we have found nothing to surpass them in 
regularity of finish. Our instruments are in 
use in all parts of the world and we have never 
yet had a single complaint regarding the parts 
you make for us. We have also come to 
appreciate and to rely on your Drawing Office 
and Design Staff, who have always been most 
helpful in the development of new types, and 
we look forward to continuing our co- 
operation with you for many years to come.” 
Extract trom letter received from Servis Recorders. Gloucester, 








BIRMINGHAM ALUMINIUM CASTING (1903) CO LTD 
BIRMID WORKS - SMETHWICK - BIRMINGHAM 40 
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IS ALSO THE INTEN 


Le 8 = 13° swing ‘RUNIOR® Siding, : 


Surfacing and Screweuveing 


17° swing also available. 


Write for descriptive leaflets. 
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Ward machines are designed and built to 

get the best out of tungsten carbide, their 

metal removing capacity being limited only 
by the cutting tools used. 


Machining the 2) Litre 
Daimler Gearbox on Ward No 
10 Combination Turret Lathes 
at THE DAIMLER COMPANY 
LTD., COVENTRY 


H.W.WARD &CO.LTD 


SELLY OAK ;- BIRMINGHAM 29 


TELEPHONE 3 SELLY OAK 1131 
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Churchill 


The Churchill 6in. swing plain grinder has a reputation for 
accuracy and high output. The latest Model AW as 
illustrated—built in two sizes, 6in. x I8in. and 6in. x 34in.— 
can be supplied as a non-automatic or fully automatic plain 
grinder. Full details on application. 


THE CHURCHILL MACHINE TOOL CO., LTD. 
BROADHEATH MANCHESTER 


Export Sales Organisation: Associated British Machine Tool Makers Limited, London, Branches and Agents 
Home Selling Agents : Charles Churchill & Co. Limited, Birmingham and Branches 
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‘‘Newallastic”’ bolts and studs have qualities which 
are absolutely unique. They have been tested 
by every known device, and have been proved 
to be stronger and more resistant to fatigue 
than bolts or studs made by the usual method. 


a so: al 


POSSILPARR 






GLASGOW: N 








Viii JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS 





x AND EXPERIENCE 
Bsa OF MANY YEARS. 


in design and manufac- 
ture, has achieved in 
B.S.A. Tools’ products 
that high degree of 
accuracy and efficiency so 
essential to present day 





needs. 


BSA. SINGLE & MULTI-SPINDLE 
AUTOMATIC BAR MACHINES. 


TRADE MARKS 
8.5.A. SINGLE-SPINDLE AUTOMATIC 
CHUCKING MACHINES. 


te 


B.S.A. MULTI-TOOL LATHES 


“STEINLE’’ THREAD GENERATORS & , 
“HULLER” TAPPING MACHINES. 
B.S.A. TOOLS LTD. | 
(OF B.S.A. TOOLS GROUP) 
ALSO 
BIRMINGHAM ENGLAND. SMALL 


CENTRELESS GRINDING & LAPPING 
AND HONING MACHINES. Agents Throughout the World 
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a dual purpose mackie 
“MILFORD*’ 


COMBINED GRINDER 
& UTILITY HEAD 















* Spindle fitted with 
54” Geared Scroll 
chuck for polishing, 
reaming, or 
countersinking, 
small parts rapidly 
and conveniently 
anda 10” 1” 
Grinding Wheel 


*%& Foot operated 
electric switch with 
built-in brake, for 
instantaneous 


stopping of spindle EARLY 


DELIVERY 


B. ELLIOTT & CO., LTD. 


VICTORIA WORKS, WILLESDEN, LONDON , N.W.10. 
WORKS: WILLESDEN - CARDIFF - LEISTON: IPSWICH. 


Telephone ELGAR 4050 (iOlines Telegrams “ Elliottona. Harles. London 
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microscopic 
control 
during 
grinding 


assures 





accuracy 
of the 
most 

Tileate te: 


contours 


SY 
DIE GAUGE for Stator Blade FLAT FORM TOOL. 
Gauge Steel Tungsten Carbide Tip 
Stock removal -015 From unshaped tip 
Accuracy 0003 Accuracy ‘001°. 
Grinding time 2} hours Grinding time 80 mins. 


A.C. WICKMAN LTD 


LONDON - BRISTOL - BIRMINGHAM : MANCHESTER 
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Wickman Optical Profile 
Grinder is designed for profile 
grinding to fine limits, and is 
especially suitable for producing 
profile gauges, flat or circular form 
tools, etc., in any material including 
tungsten carbide. 
The machine employs a pencil and 
paper layout 50 times the size of 
the profile to be ground. The work 
is focussed under the microscope 
and the tracing point of the panto- 
graph moved step by step along the 
drawn profile. At each step the 
reciprocating grinding wheel is fed 
manually into the work, and the 
exact progress of grinding can be 
followed in the field of the pro- 
jection screen or microscope. 
The machine will grind a form 53’ 
in length and 2}” in depth in a work- 
piece 2” thick. Circular form tools 
are produced on a separate circular 
grinding attachment comprising 
motor-driven live headstock and 
adjustable tailstock as a complete 
unit which can quickly be fitted to 
the machine. 


IR, 


CIRCULAR FORM TOOL. 


High Speed Steel. Gauge Steel. 


Stock removal -015”. Stock removal -015”. 
Accuracy -0005”. 
Grinding time 2 hours. 


Accuracy -001” 
Grinding time 1} hours. 


v] 
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The combined microscope and projection screen 
is seen in the above close-up of the upper head 
on which can be noted a vernier for setting the 
wheel to grind an angle, producing clearances, 
etc., with a maintained form. 


The pantograph 
imparts a 50:1 4 
reduction from the $ 
pencil layout to its 

final arm, in which 


is incorporated the fp") 
combined micro- LO Se} 
scope and projection i y 


screen. 

















GAUGE for Blade Profile. 


FORM TOOL 
Tungsten Carbide Tip. 
Stock removal -03”. 
Accuracy -001". ° 
Grinding time 5} hours. 





7% 





a LEEDS - GLASGOW. 


‘COVENTRY, ENGLAN 


- NEWCASTLE - BELFAST 





Wickman 
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RIGHT WITH 
THIS PICTURE? 











y) 


F“ too much ! It’s only a mild burlesque 
of the circus performances that go on in 
many factories. You’ve seen them often 
enough. And you don’t need telling that 
every time goods are manhandled costs go 
up and profits go down. Work- space is 
cluttered, machines are held up, men are kept 
from more productive work. You know 
what a modern handling system could do for 
your production. No doubt you’ve seen 








KING installations in other factories. As a 
first step, why not send for KING booklets- 
they give you full details about installations 
ranging from a singl« electric pulley block 
to comprehensive layouts of Overhead Run- 
ways, Travelling Cranes, Chain Conveyors, 
Floor Conveyors. KING’S advisory depart- 
ment will gladly study your problem and 
suggest an installation made to measure for 
your needs. 








Note the right-angle bend of this KING 
Steel Slat Conveyor at the Rover 


Car Works. 








Lift it and shift it by KING— 
as they do in this West Country 
Saw Mill. 


WRITE FOR 
ae) |LLUSTRATED 
#) BOOKLETS 





GEO.W. KING 
LIMITED 
502 WORKS 
HITCHIN 
HERTS. 





Makers of Electric Pulley 








Blocks, Cranes & Conveyors. 
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DRUMMOND 


MAXIMINOR 


FULLY AUTOMATIC JUNIOR MULTI-TOOL LATHE 
FOR THE SMALLER RANGE OF WORKPIECES 











CAPACITIES : 6 x I8in. ; 6 x 30in. ; 6 x 42in. 


DRUMMOND BROS., LTD., GUILDFORD, ENG. 


Sales and Service for the British Isles: 


DRUMMOND-ASQUITH (SALES) LTD. 

King Edward House - New Street BIRMINGHAM 

Phone : Midland 3431-2-3 Grams: Maxishape. B’ham 
also at LONDON and GLASGOW 
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In the many branches 

of Engineering, in every country, 
we serve Industry’s vital need 
for socket and square head 
high tensile screw products. 
They are available in Whitworth, 
B.S.F., D.LN., V.S.M., A.N.C., A.N F., 

and the new A.B.C. threads, 

and are stocked in many countries 


in an infinite variety 


of sizes and lengths. 








INBRAK0 amc cca 


BURNABY ROAD covenTtery 


Stocked and Distributed by CHARLES CHURCHILL & CO., LTD., Coventry Road, Birmingham. 


) ce 
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Compressed air power solves many problems— 
* SIMPLIFIES Jigs, fixtures and machines 


* SPEEDS. 
* SHORTENS . 
* SAVES 


Loading and unloading 
- «  « Idle motions 
TIME - MANPOWER - MONEY 


A Maxam four-way valve. Small and 
compact, simple in construction and 
action. Nothing to go wrong. Note 
particularly the plastic ‘O”’ rings, 
which make a perfect seal and mini- 
mise wear. 


Two-way, three-way and four-way 
valves are available for operation by 
hand, foot, cam or solenoid; also 





remote control valves, both pressure 
and pilot operated. 

With standard Maxam valves and 
cylinders manual machines can be 
converted to automatic power opera- 
tion; processes involving large thrusts 
and complex sequences can be de- 
signed to operate at the flick ofa lever. 


Let us send you full information. 






i 








THE MODERN WAY 


TO 


AIR EQUIPMENT 
FASTER PRODUCTION 


CLIMAX ROCK DRILL & ENGINEERING WORKS LTD. 4 Broad Street Place, London, E.C.2 





TAS/CX 495 
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FAN-MAIL FROM INDIA 


B:I:P 


1G ROUP | 





The parts of this Crompton-Parkinson fan regulator housing have 
to be moulded within carefully defined limits and a high finish is 
required of the external components. 

Although it represents a straightforward compression moulding job, 
details such as the ingenious design of the air vent claim attention. 
This consists of wire gauze held between two moulded plates, the 
whole being assembled as a single unit. In addition-to the housing 
and control knob, there is an internal contact plate having metal 
inserts. 

These mouldings, simple in themselves, nevertheless underline 
Streetly RELIABILITY. We have been moulding them for 
Crompton-Parkinson Ltd. for 13 years, during which our customer 
has received many thousands of orders from India and the Middle 
East. During that long period our own high standard of moulding 
and finishing and meticulous system of inspection have contributed 
significantly to our customer’s own smooth production. Even if we 
mould a small percentage of rejects (and who doesn’t), the customer 
never sees them. We weed them out, before delivery. 


STREETLY MOULDINGS 


THE STREETLY MANUFACTURING CO. LTD., STREETLY, SUTTON 
COLDFIELD, Nr. BIRMINGHAM. ’PHONE: STREETLY 78411 "GRAMS: 
BANG STREETLY. 
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The Council of the Institution 
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INSTITUTION NOTES 
February, 1951 


NEW YEAR HONOURS lhe Institution is pleased to record that the 
following members were honoured by H.M. 
The King in the New Year List :— 


C.B.E. Mr. P. H. Muirhead, Member, Director and General 
Manager, Vickers-Armstrongs, Ltd., Newcastle-on-Tyne. 
Mr. E. Sanders, Affiliate Representative, Managing 
Director, Helliwells, Ltd. 

O.B.E. Mr. A. J. Charnock, Member, General Works Manager, 
Leyland Motors. (Mr. Charnock is President of the 
Preston Section of the Institution.) 


ASSOCIATE MEMBERSHIP EXAMINATION, 1951 


(1) The Associate Membership Examination of the Institution 
of Production Engineers will be held from Monday, 21st of May to 
Saturday, 26th of May, 1951, inclusive. 

(2) All applicants must complete a form of Application for 
Membership and return it to the Head Office not later than the 21st 
of March, 1951. These forms will be assessed by the Council before 
applicants are formally accepted as candidates for the examination. 

(3) No candidate will be accepted who is over 35 years of age, 
unless his career has been interrupted by service in the Armed Forces. 

(4) Application Forms and copies of the Examination Regula- 
tions may be obtained from the Head Office of the Institution, but 
no copies of past examination papers are available, as this is a 
new examination. 


The following Standards have recently been 

issued and are available from the British Stand- 

ards Institution, 28, Victoria Street, Westminster, London, S.W.1, 

at the prices stated : 

1677 : 1950 Draughtsmen’s Drawing Pins. (1/- post free). 

1649 : 1950 Guards for Coupling and Associated Shafting (2/- post 
free). 

1644 : 1950 Dimensions of Unscreened Camshaft Speed Magnetos. 
(2/6 post free). 


BRITISH STANDARDS 


The above Standards have been prepared under the supervision 
of the Mechanical Engineering Industry Standards Committee, 
on which the Institution of Production Engineers is represented by 
Mr, J, E. Baty, Chairman of the Standards Committee. 


47 
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The Technical and Publications Committee recently 
THE JOURNAL S| OO “seem ' 

received from the Dundee Section a number of useful 
suggestions and criticisms concerning the Journal. These have been 
studied in detail and will be of great value when planning future 
improvements in the Journal. 

It is of considerable assistance to the Committee in their work to 
have the views of members in this respect, and they would accord- 
ingly be glad to receive any comments or suggestions from other 
Sections, so that a consensus of opinion may be reached. 


NEWS OF MEMBERS 


Mr. L. F. Ayland, Associate Member, has resigned his position of 
Assistant Superintendent of Transport Equipment (‘Thornycroft) 
Ltd., to manage his own company, Cliddesden Engineering Co., 
Ltd., at Basingstoke. 

Mr. G. W. Butler, Associate Member, has been appointed 
Lecturer in Production Engineering at Darlington ‘lechnical 
College, Co. Durham. 

Mr. Rudolph Carne, Associate Member, has relinquished his 
position as Chief Production and Planning Engineer with R. H. 
Windsor, Ltd., of Chessington, and is now a Consulting Engineer 
an Importer of French Machine Tools. 


Mr. E. A. Edwards, Associate Member, has been appointed 
Commercial and Production Manager of The British India Elec- 
trical Construction Co., Ltd., Kidderpore, Calcutta, India. 

Mr. J. H. Forrington, Associate Member, is now Works Manager 
of Anthony Hoists, Ltd., Ruislip, Middlesex. 

Mr. J. M. Gray, Associate Member, is now Methods Engineer 
with The Plessey Co., Ilford, Essex. 

Mr. R. Turner Hood, Member, has been appointed Joint 
Managing Director of Bradley & Company, Ltd., Bilston, Staffs. 

Mr. H. A. Kench, Member, has been appointed Commercial 
Manager of R. W. Barraclough, Ltd., Southport. 

Mr. G. A. Pickard, Associate Member, is now Technical Manager 
of Harbot’s Ltd., Leicester. 


Mr. T. B. Prew, Associate Member, Manager of the Engineering 


Division, Lotus, Ltd., Stafford, has been appointed a Director of 


Vik Supplies, Ltd., a subsidiary of Lotus, Ltd. 


Mr. M. Seaman, M.Sc., Member, has been appointed General 
Manager of the Engineering Works of the British Oxygen Co., Ltd., 
Edmonton. He has relinquished his appointment as Director and 
General Manager of David Brown-Jackson, Ltd., Manchester. 


oO 


18 





















INSTITUTION NOTES 


Mr. W. L. Todd, Associate Member, has been appointed Tech- 
nical Representative in Northern Ireland for The Lamson Engineer- 
ing Co., Ltd., Trading Estate, Bridgend, Glamorgan. 


Mr. T. E. Hines, Graduate, has been appointed Service Manager 
for all domestic appliances manufactured by the English Electric 
Co., Ltd. 


The Institution deeply regrets to record the deaths 
of Mr. A. R. Pilkington, Graduate, of Wolverhampton 
Graduate Section, and Mr. R. Zieschang, Member, of London 
Section. 


OBITUARY 


DINNER DANCE AT HALIFAX 





This photograph, taken at the Annual Dinner and Dance o, the Halifax Section on 
2gth November, 1950, shows (left to right): The Deputy Mayor of Huddersfield, Alderman 
D. J. Cartwright and Mrs. Cartwright, Major-General K. C. Appleyard, C.B.E., President 
of the Institution, Mrs. 7. Blakiston, Mr. R. McKie, President of the Huddersfield Engineer- 
ing Employers’ Association, Miss N. E. Bottom, Acting Hon. Secretary, Halifax Section, and 
Mr. J. Blakiston, Vice-President of Halifax Section. 


Twist Drills Instruction Book. Firth-Brown Tools, 
a Lal, Sel. 


‘** The New Patents Act’? by Robert Lochner, M.B.E., A.M.1.E.E., 
Barrister-at-Law. National Union of Manufacturers, London. 
Price 2/6 net. 
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‘‘ Applications and Principles of Jig and Tool Design” by K. R- 
Chandran, B.Sc. (Paper read to the Calcutta Section, October, 
1950.) 


In this paper Mr. Chandran has outlined the fundamental 
principles of jig and fixture design in a very able and lucid manner. 
‘The illustrations, which are reproductions of blue prints of line 
drawings, are numerous and very clearly demonstrate the points 
raised in the script. 

The information in the paper is obviously intended for those 
aspiring to become jig and tool designers, and this object it succeeds 
in attaining to a high degree. H.G. 


( This paper is available in the Institution’s Library.) 


Note :—In the December, 1950, Journal, it was stated that the booklet, 
** Presentation of Information to Management’’, published by the 
Institute of Cost and Works Accountants, was priced at 15/-. This 
was an error, the actual price being 6/- net. 


The World Metallurgical Congress, 
er CONGRESS sponsored by the American Society for 

Metals, will be held in Detroit, Michigan, 
U.S.A., from 15th to 19th October, 1951, simultaneously with the 
Thirty-third Annual National Metal Congress and National Metal 
Exposition. The purpose of the Congress and Exposition is to provide 
an opportunity for conference at the top scientific level and for 
exchange of ideas among leading metal engineers and scientists, with 
particular emphasis on the vital problem of conservation, utilisation 
and substitution for strategic materials. 

Each industrial country has been invited to send a group of 
delegates, not exceeding twenty in number, composed of leading 
technologists, production executives and sales engineers specialising 
in all aspects of the metal and associated industries. 

Any members who will be attending the Congress and who would 
like to be regarded as representatives of the Institution should get 
in touch with the Secretary. 


RESEARCH PuBLicaTions “* "Umber of copies of the following Research 
publications are still available to members, 
at the prices stated: 
Report on Surface Finish, by Dr. G. Schlesinger 15/6 


Machine Tool Research & Development 10/6 
Practical Drilling Tests 21/- 
Tes; Charts for Machine Tools, Parts 3 and 4 5/6 each 


These publications may be obtained from the Production 
Engineering Research Association, ‘‘ Staveley Lodge”, Melton 
Mowbray, Leics. 





SO ~ 
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The Library will’ be open between 10 a.m. and 
5-30 p.m. on Mondays, Tuesdays, Thursdays and 
Fridays; between 10 a.m. and 8 p.m. on Wednesdays; and between 
10 a.m. and 1 p.m. on the first Saturday of every month. 


THE LIBRARY 


Members are reminded that binding cases for the 
Journal are obtainable from Head Office, price 
7/6 each post free. The cases, each of which will hold 12 issues of 
the Journal, are made of stiff board covered with imitation leather 
cloth, with gilt lettering on the spine. 


JOURNAL BINDERS 


it would be of great assistance to Head Office 
if members would ensure that the business 
addresses contained in their records were up-to-date, and would 
notify Head Office as soon as possible of any change of appointment. 


CHANGE OF ADDRESS 


Owing to the fact that output has to be adjusted 
to meet requirements, and in order to avoid carry- 
ing heavy stocks, it has been decided that the Journal will only be 
issued to new Members from the date they join the Institution. 


ISSUE OF JOURNAL 


important [nm order that the Journal may be despatched on 
time, it is essential that copy should reach the 
Head Office of the Institution not later than 40 days prior to the 
date of issue, which is the first of each month. 


SECTION MEETINGS 


The following meetings have been arranged to take place in March, 1951. 
Where full details are not given, these have not been received at the time of 
going to press. 


March 

ist Glasgow Section. ‘The Annual General Meeting will be held at the 
Institution of Engineers and Shipbuilders, 39, Elmbank Crescent, 
Glasgow, C.2, at 7-30 p.m., followed by the Graduates’ Open Discussion 
Night. 

1st London Section. A lecture on “ A Broader Conception of Productivity 
and Its Measurement” will be given by F. G. S. English, Esq., 
M.I.Prod.E., at Messrs. Creed & Co., Telegraph House, Colson Road 
Entrance, Nr. East Croydon Station, Surrey, at 7 p.m. 


2nd West Wales Sub-Section. A lecture on “ Social Function of Industry ” 
will be given by Dr. A. Roberts, M.Com., F.I.1.A., at the Central Library, 
Alexandra Road, Swansea, at 7-30 p.m. 





3rd Luton Graduate Section. There will be a works visit to The National 
Physical Laboratory, Teddington, in the afternoon. 

6th Reading Sub-Section. A lecture on “ The Manufacture and Testing of 
Gas Turbine Engines’ will be given by E. A. Rodocanachi, Esq., at 
Transport Equipment (Thornycroft) Ltd. Canteen, Basingstoke, at 
7-15 p.m. 

6th Liverpool Graduate Section. A Short Paper Evening will be held at 

the Exchange Hotel, ‘Tithebarn Street, Liverpool, at 7-45 p.m. 
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March—cont. 


Nottingham Section. The Annual General Meeting will be held at the 
Victoria Station Hotel, Milton Street, Nottingham, at 7-00 p.m. 


South Essex Sub-Section. A lecture on ‘“‘ Budgetary Control” will be 
given in the Reading Room, Conservative Club, Ilford, at 7-30 p.m. 


Wolverhampton Section. A lecture on “ Industrial Maintenance of 
Machines ” will be given by R. M. Buckle, Esq., M.1I.Prod.E., at the 
West Midland Gas Board, Demonstration Room, Darlington Street, 
Wolverhampton, at 7-00 p.m. 


London Graduate Section. A Report from the Section Materials 
Handling Study Group will be given at The Institution of Production 
Engineers, 36, Portman Square, London, W.1, at 7-15 p.m. 


Luton Graduate Section. The Annual General Meeting followed by 
Graduates’ Evening will be held at Luton Library Lecture Hall, Williamson 
Street, Luton, at 7-30 p.m. 


Southern Section. A lecture on “ Nuclear Power, a Resumé of Develop- 
ment of Atomic Power ” will be given by Col. W. L. Mirehouse, M.B.E., 
at The Polygon Hotel, Southampton, at 7-00 p.m. 


Western Section. A lecture on “ Foremanship * will be given by A. P. 
Young, Esq., O.B.E., at Messrs. T. H. & J. Daniels Ltd., Canteen, 
Stroud, at 7-30 p.m. 


Yorkshire Graduate Section. <A lecture on “ Foundry Production 
Problems in Relation to Casting Designs” will be given by A. E. 
McRae-Smith, Esq., at the Great Northern Station Hotel, Leeds, 1, at 
2-30 p.m. 


Sheffield Section. A lecture on ‘“ Modern Methods of Railway 
Laminated Spring Manufacture’ will be given by R. Fielding, Esq., 
M.1.Prod.E., at the Royal Victoria Station Hotel, Sheffield, at 6-30 p.m. 
Derby Sub-Section. The Annual General Meeting followed by a 
lecture on “ Noise and Vibration in Machinery ” by Dr. W. A. Tuplin, 
D.Sc., M.I.Mech.E., will be held at the School of Art, Green Lane, 
Derby, at 7-00 p.m. 

Halifax Section. A lecture on “ The Effects of Costs on Production 
Engineers ” will be given by F. M. W. Hird, Esq., A.C.A., F.C.W.A., at 
the White Swan Hotel, Halifax, at 7-15 p.m. 

Yorkshire Section. The Annual General Meeting will be held in the 
Hotel Metropole, King Street, Leeds, 1, at 7-00 p.m. 


Manchester Graduate Section. The Annual General Meeting will be 
held in the Reynolds Hall (Room C.3), College of Technology, Sackville 
Street, Manchester, at 6-45 p.m., followed by a film show at 7-15 p.m. 
Members’ ladies are invited. 


London Graduate Section. There will be a works visit to Vauxhall 
Motors Ltd., Luton, at 2-30 p.m. 


Birmingham Graduate Section. The Annual General Meeting and 
Chairman’s Address by N. Newey, Esq., Grad.I.Prod.E., will be held at 
the James Watt Memorial Institute, Great Charles Street, Birmingham, 
3, at 6-45 p.m. 


Dundee Section. A lecture on * Planning for Production Incorporating 
Cost Control ”’ will be given by C. W. Higgins, Esq., A.C.1.S., A.C.C.A., 
\.M.L.I.A., at Mathers Hotel, Whitehall Crescent, Dundee, at 7-30 p.m. 
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March—cont. 
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19th 
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Edinburgh Section. A lecture on ‘“ Some Applications of Rubber in 
Engineering ”’ will be given by G, W. Trobridge, Esq., B.Sc., at the 
North British Station Hotel, Edinburgh, at 7-30 p.m., followed by the 
Annual General Meeting. 


Liverpool Section. A lecture on “ Laboratory Control in Production 
Engineering” will be given by J. Pardoe, Esq., M.Eng., A.I.M., at 
Radiant House, Bold Street, Liverpool, at 7-15 p.m. 


Northern Ireland Section. The Annual General Meeting for members 
only will be held in the Municipal College of Technology, Belfast, at 7-30 
p-m., followed by a film evening. 


Preston Section. A lecture on “ Industrial Machine Maintenance ~ 
will be given by R. M. Buckle, Esq., M.I.Prod.E., at the Harris Institute, 
Corporation Street, Preston, at 7-15 p.m. 


Western Section. A lecture on “ Industrial Applications of the Lost 
Wax Process ” will be given by A. Short, Esq., A.M.I.Prod.E., M.1.B.F., 
at the Grand Hotel, Broad Street, Bristol, at 7-15 p.m. 


Leicester Section. The Annual General Meeting and Section President's 
Address will be held in Room 104, Leicester College of Art and ‘Technology, 
The Newarke, Leicester, at 6.30 p.m., followed by films on ‘ ‘The 
Hydroptic Jig Boring Machine.” 


London Section. A lecture on “ Mechanical Handling in Industry 
and its Influence on Costs” will be given by W. J. T. Dimmock, Esq., 
A.M.1.Prod.E., at the Assembiy Hall (Craven Street Entrance, Charing 
Cross), Royal Empire Society, Northumberland Avenue, London, W.C.2, 
at 7-00 p.m., followed by the Annual General Mecting. 


Glasgow Section. A lecture on ‘“ Use of Rubber as an Engineering 
Material” will be given by G. W. Trobridge, Esq., B.Sc., at the Institution 
of Engineers and Shipbuilders, 39, Elmbank Crescent, Glasgow, C.2, at 
7-30 p.m. 

Wolverhampton Graduate Section. A lecture on “ Pressure Dic 
Casting in Zinc Base and Aluminium Alloys” will be given by A. 
Munslow, Esq.,.at the West Midland Gas Board Demonstration Room, 
Darlington Street, Wolverhampton, at 7-30 p.m. 


Eastern Counties Section. The Annual General Meeting will be held 
at Ipswich Public Library (Old Foundry Road Entrance), at 6-30 p.m., 
followed by a lecture on “ Noise and Vibration in Machinery” by 


Dr. W. A. Tuplin, D.Sc., M.I.Mech.E. 


North Eastern Graduate Section, A lecture on “ Work Measurement ” 
will be given by W. K. Hall, Esq., M.A., B.Sc., at the Neville Hall Mining 
Institution, Westgate Road, Newcastle-on-Tyne, 1, at 7 p.m. 


North Eastern Section. The Annual General Meeting will be held at 
the Neville Hall Mining Institution, Westgate Road, Newcastle-on-Tyne, 1, 
at 7-00 p.m., followed by a film show. 


Manchester Section. The Annual General Mecting will be held at the 
College of Technology, Sackville Street, Manchester, at 6.30 p.m., 
followed by a lecture on “ Foremanship ” by A. P. Young, Esq., O.B.E., 
at 7-30 p.m. 

Luton Section. A lecture on “ Manipulation and Fabrication of Perspex ”” 
will be given by W. Edwards, Esq., in the Small Assembly Room, ‘Town 
Hall, Luton, at 7-15 p.m. 
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23rd 


27th 


28th 
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Coventry Section. A lecture on “‘ Mechanical Gauging and Inspection ” 
will be given by J. Loxham, Esq., M.I.Mech.E., M.I.Prod.E., F.R.S.A., 
in the Greyfriars Room, The Geisha Cafe, Hertford Street, Coventry, 
at 7-15 p.m. 

Birmingham Section. The Annual General Meeting and Address by 
the Section President will be held at the James Watt Memorial Institute, 
Great Charles Street, Birmingham, 3, at 7-00 p.m. 

Shrewsbury Sub-Section. A lecture on “ Some Practical Aspects of 
Gas Turbine Design” will be given by T. L. Gardner, Esq., at the 
Technical College, Shrewsbury, at 7-30 p.m. 

Western Section. A lecture on “ Incentives for Production ” will be 
given by C. L. Taylor, Esq., A.M.I.Prod.E., at the University College of 
the South West, Exeter, at 7-30 p.m. 

South Wales and Monmouthshire Section. A lecture on “ Defects 
and Developments in Deep Drawing and Pressing” will be given by 
Dr. J. D. Jevons, B.Sc., F.R.1I.C., F.I.M., at the South Wales Institute of 
Engineers, Park Place, Cardiff, at 6-45 p.m. 

Western Section. The Annual General Meeting will be held at The 
Grand Hotel, Broad Street, Bristol, 1, at 7-15 p.m., followed by a film 
on Cemented Tungsten Carbide, loaned by Protolite Ltd. 


Birmingham Section. The Annual Dinner Dance will be held at the 
Grand Hotel. 


















CORROSION OF METALS 
by G. T. PEAT, B.Sc., A.R.I.C., M.Inst.F. 


Presented to the Preston Section of the Institution, Ist Feb, 1950 


pee subject of corrosion is one which is receiving more attention 
now than ever before, primarily due to the shortage of both metal 
and fuel. As an example, thousands of car owners to whom in the 
past “‘ corrosion ’’ meant little more than a word in the dictionary, 
are now taking a very lively interest in the subject. The Ministry 
of Fuel and Power encourage this interest by means of lectures and 
leaflets, because they realise that preventable metal wastage is 
responsible for a terrific loss of fuel annually. 

When consideration is given to the amount of fuel used, and the 
number of man hours of work in the fabrication of metal and 
machinery of all kinds which is scrapped each year due to corrosion, 
it will be realised that it is true to say that corrosion is a major 
industry in reverse. 


Corrosion of a metal may be defined as “‘ union of 
the metal with elements in the surrounding 
medium to form compounds of the metal, the 
reaction being controlled by certain factors both physical and 
electro-chemical.” As will be gathered from the definition, the 
study of corrosion resolves itself into a study of the controlling 
factors, because it is only when these are understood that one can 
arrive at a method for reducing or eliminating the corrosive action. 

There are many theories of corrosion, but as most of these are 
based on electro-chemical action, a brief explanation now as to the 
fundamentals will help to clarify matters later. 

When a metal is brought into contact with a solution of its salt, 
there is a tendency for either the metal to pass into solution or vice 
versa, for the metallic ions of the salt to come out of solution and 
form on the metal. If the atoms of the metal tend to pass into 
solution, they will give up negative charges (electrons) to the metal, 
and will become ‘ ionised,’ the ions of the metal carrying an 
induced positive charge. If, on the other hand, the tendency is for 
the metal of the salt to come out of solution, then the metal will 
become positively charged by the metallic ions. 

Unless there is in the first case a draw off of electrons, or in the 
second case a supply of electrons, there will be formed an electrical 
double layer of molecular thickness, and the potential difference 
across this double layer represents the electrode potential of the metal. 

A list showing the potentials of metals has been drawn up. It 
will be found that gold at one end of the scale is positive in sign, i.e., 


DEFINITION OF 
CORROSION 
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that there is a greater tendency for gold to come out of solution 
than to enter into solution. Lithium and sodium at the opposite 
end of the scale have a negative potential and always tend to enter 
into solution. 


The less noble of two metals is the one which 
GALVANIC ACTION exhibits the greater tendency to pass into solution : 

thus, if two different metals are connected and 
immersed in an electrolyte, ions of the base metal will pass into 
solution and there will be a flow of cations towards the noble 
metal which becomes the cathode. Electrons will flow through the 
connected metals from the anode to the cathode, thus completing 
the electrical circuit, and anodic corrosion of the base metal will 
continue unchecked. 

Corrosion activated by galvanic action due to the use of dissimilar 
metals is sometimes encountered in steam plant, hot water systems, 
etc., and great care should be taken in the selection of metals when 
plant is being fabricated. The easiest method of arresting this type 
of corrosion is to insert an insulating joint between the two metals, 
thus breaking the flow of the electrons. 

In the same way that dissimilar metals can form a galvanic ceil, 
one metal becoming anodic and the other cathodic, so impurities 
or certain inclusions in a steel plate set up galvanic action. Should 
the inclusion be more insoluble than the surrounding metal, it will 
become cathodic and the metal anodic, and in the presence of an 
electrolyte and a small amount of oxygen, anodic corrosion will 
proceed unchecked. 

Supposing the electrolyte is sodium chloride (common salt) in 
water, the iron will pass into solution at the anode as ferrous 
chloride and sodium hydroxide will be formed at the cathode. 
Somewhere in the solution the sodium hydroxide and ferrous 
chloride meet and form ferrous hydroxide, which then reacts with 
oxygen to form oxide of iron. 

It will be seen that the oxide is precipitated some distance from 
the anode, thus the corrosion will continue. However, if the 
concentration of oxygen and caustic soda in the solution be 
increased, then ferrous hydroxide will be formed on the anode itself, 
and the corrosion will be stifled. 

This method of arresting pitting of ferrous metals by depositing a 
protective coating on the anode is made use of in water cooling 
systems. Sufficient caustic soda is added to maintain a pH value 
in the water of not less than 8.5, and sodium chromate is added to 
the extent of approximately 1,000 parts per million. It is now 
thought that the chromate not only acts an as oxygen carrier, but 
actually forms a chromium compound with the iron somewhat 
similar to that encountered in chrome steel, and that it is due to 
this compound forming on the anode that the corrosion is stifled. 
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The theory of differential aeration was put forward 
by U. R. Evans. He took two pieces of similar 
metal, protected one from air with a porous 
covering, and immersed them both in an electrolyte. The metals 
were connected externally, and he found that when air was bubbled 
round the unprotected metal, a current of electricity was generated. 
In the case of noble metals, the aerated electrode became the anode, 
but with base metals the aerated electrode became the cathode, and 
the anodic corrosion took place. 

Dr. Evans’ explanation is that in the case of a base metal, the 
oxygen. combines with the water and electrons to give hydroxy], 
thus raising the potential of the metal and enobling it. 

On the other hand, with a noble metal like copper, the air 
current tends to reduce the concentration of copper ions round the 
electrode, thus lowering its potential. This lowering of the potential 
due to aeration is in excess of the enobling effect of the oxygen, 
and the aerated metal becomes anodic and corrodes. 

The remedy is obvious ; either remove all the oxygen from the 
water by means of sodium sulphite or a de-aeration plant, or make 
certain that oxygen is carried equally to every part of the metal. 


DIFFERENTIAL 
AERATION 


A further type of corrosion, which takes place in 
cast iron, is graphitic wastage. Once again, 
galvanic action is the cause.. Minute galvanic 
cells are set up in the metal between the insoluble graphite and the 
surrounding iron carbide, the latter becoming anodic and entering 
into solution, leaving the graphite in situ. It is invariably found that 
the water which causes graphite wastage is (a) soft, (b) fairly highly 
aerated and (c) has a low pH value. ‘The method adopted to arrest 
the corrosion is to de-aerate the water, either mechanically or 
chemically, with sodium sulphite, and also elevate the pH value to 
over 8.5. It would appear that the method adopted for raising the 
pH value of the water is very important. 


GRAPHITIC 
WASTAGE 


Graphitic wastage is frequently encountered in economisers of 
boiler plant, where it can become troublesome and at times 
extremely dangerous. In the treatment of feedwater passing through 
economisers the writer has used caustic soda to elevate the pH value, 
with poor results, but when limewater was used the results were 
very good. In one particular case the results were striking, the 
graphite coming away from the good metal just like scale, leaving a 
polished metal surface. 

In order to arrest corrosion two definite methods can be followed 
—(a) breaking of the flow of electrons between the anode and the 
cathode, or (b) building up either on the anode or cathode a 
coating which will stifle the electro-chemical reaction. 
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‘The use of anodic inhibitors can be dangerous unless 
the corrosion is entirely arrested. This is owing to 
the fact that if the anodic area being corroded is 
reduced, it may result in the corrosion becoming localised and 
intensified. 

Cathodic inhibitors, though not so effective, are safer, because 
reduction in the size of the cathodic area is not going to affect 
the rate of corrosion taking place at the anode. 

The use of sodium chromate and caustic soda for the inhibition 
of corrosion in cooling systems is an example of an anodic inhibitor, 
and it will be found that unless a sufficient concentration of caustic 
soda is maintained in the water, the corrosion will become severe 
owing to becoming localised. 

The commonest of all cathodic inhibitors, one might almost term 
it Nature’s corrosion inhibitor, is calcium bicarbonate, which is 
present in most natural water supplies. Calcium carbonate (chalk) 
is deposited on the cathode, bringing the cathode nearer and nearer 
the anode until corrosion is stifled. Unfortunately this method 
cannot be adopted in commercial practice, because inhibition of the 
cathodic reaction means the building up of chalk scale which must 
be avoided in any type of plant where there is heat exchange. 

However, it must be added that chalk scale does not entirely 
arrest corrosion of ferrous metals, owing to its interaction with the 
ferrous salts formed in the solution. Though the corrosion is slower 


CORROSION 
INHIBITORS 


a clinging rust mixed with chalk eventually covers the surface of 


the metal. Other forms of cathodic inhibitors are salts of metals 
which form sparingly soluble hydroxides. Zinc and nickel are two 
examples. The hydroxides of these metals are deposited on the 
cathode and reduce the rate of attack on iron in neutral solutions. 


CAUSTIC A different type of corrosion encountered in steam- 

raising boilers is caustic embrittlement. Although 
EMBRITTLEMENT , . é 

a considerable amount of knowledge has been 
obtained with regard to embrittlement in recent years, it has still 
not been decided with absolute certainty how this corrosion 
proceeds. The corrosion takes the form of intergranular cracking, 
these cracks at times joining up to form major fractures between 
rivet holes in boiler plates. 


Although the term “embrittlement” is given to this type of 


corrosion, a better name would be “‘ caustic cracking ” because the 
metal itself is not embrittled in the true sense of the word. The 
following facts appear to have been established—cracking does not 
take place unless : 

1. Caustic soda is present in the boiler. 


2. The metal has been submitted to stress. 
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3. The amount of sulphate present in the water does not 
conform to the accepted sulphate/caustic ratio. 


It would appear that caustic cracking, similar to other types of 
corrosion, is electro-chemical. Schroeder has shown that the 
amount of energy required to remove atoms from between crystal 
boundaries is less than that required to remove them from the 
interior of the crystal. It has also been proved by C. M. Longfield 
that when a piece of ferrous metal is exposed to different concen- 
trations of caustic soda, the part of the metal in contact with the 
concentrated caustic becomes anodic, and enters into solution as 
sodium ferroate (Na,FeQO,). 

Now, it will always be found that caustic cracking occurs in 
places where concentrations of caustic soda can take place, as for 
example, slight leaks at rivet holes or seams of boilers. The con- 
ditions are such that on the boiler side of the crack there is the 
dilute boiler water, and in the crack itself a high concentration of 
caustic soda owing to the water flashing to steam, thus anodic 
corrosion will proceed in the crack. 

According to Schroeder’s work, the most likely place for attack 
would be around the crystal boundaries which already would be 
vulnerable to corrosion owing to the metal having been stressed. 
As the amount of energy developed by the potential difference of the 
metal due to the varying concentrations of the caustic soda is very 
small, one would expect a selective attack on the most vulnerable 
atoms of the metals ; thus intergranular corrosion develops. 

The accepted method of preventing caustic cracking is to 
maintain in the boiler water a predetermined concentration of 
sulphate, according to the amount of caustic present. 

A table giving the ratio of sulphate to caustic was drawn up by 
the American Society of Mechanical Engineers, and is now in 
general use, being known as the A.S.M.E. Table. Roughly the 
table sets out that the ratio of sulphate to total alkalinity should be 
1:1 for boilers up to 150 lb. sq. in. ; 2:1 wp to 250 lb. sq. in. ; 
and 3: 1 over 250 lb. 

A further table was drawn up by F. B. Straube, which also takes 

into consideration the amount of carbonate in the water, as he 
believed that carbonate helped in the prevention of cracking. 
» Both the tables mentioned are in use today, and it is time some 
decision was made as to which is correct, because a water which is 
in a condition to promote caustic cracking according to the 
A.S.M.E. Table may appear quite safe according to Straube’s 
Table. 

The solubility of sodium sulphate is depressed as the concentration 
of caustic soda increases, so that the theory underlying the sulphate/ 
caustic ratio for the prevention of embrittlement is that provided 
the correct ratio is maintained in the boiler water, should con- 
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centration of the water take place in a crack at any time, sodium 
sulphate will be thrown out of solution on to the metal, and will 
thus shield the vulnerable atoms of the crystal boundaries from 
attack by the caustic soda. 

There are many other types of corrosion, but the foregoing are 
among those most commonly encountered in steam-raising plant. 


Summing up, the precautions which should 
be taken to prevent corrosion in_ boilers, 
economisers and preheaters are as follows :— 


NECESSARY PRECAUTIONS 


1. Raise the pH value of the feedwater to 8.5. 

2. Add sodium sulphite in order to remove oxygen. 

3. Maintain a pH value in the boiler water of over 10.5. 

4. Do not use dissimilar metals in the fabrication of the boilers 
or auxiliaries without expert advice. 


When a large volume of water is used which is continually being 
aerated, such as cooling water, then removal of oxygen by means of 
sodium sulphite or plant is not possible, and instead steps must 
be taken to ensure complete oxidation of all parts of the metal by an 
oxygen carrier, such as sodium chromate. 

Other inhibitors may also be used such as sodium silicate, which 
builds up a protective coating on the metal. 


The methods just given for arresting corrosive 
USE OF COATINGS action have depended upon treatment of the 

medium surrounding the metal, but this is only 
possible when the environment causing the corrosion is of limited 
extent, as for example, the water inside a boiler. However, if 
corrosion is taking place on the bottom of a ship or the span of a 
metal bridge, it is not possible to treat the sea or the atmosphere, 
and in such cases a coating must be applied to the metal surface in 
order to protect it. 

The coating selected depends upon the conditions under which 
the metai has to be used, and may consist of special paints and 
bituminous compositions, plastic or rubber covering, or metallic 
coatings. Irrespective of the type of coating selected, the preparation 
of the metal surfaces before application is very important, because 
efficient protection depends upon a closely adhering and unbroken 
covering of a uniform and adequate thickness. 


Although there are many kinds of protective paints, 
PROTECTIVE PAINTS ; ~_ ? . ; 
they can be classified under two main headings :— 
1. Paints which form an impervious film on the metal and 
exclude external corrosive influences. Examples—enamels, 
bituminous coatings, lacquers, etc. 
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2. Paints which depend upon chemical constituents to render 
the corrosion passive. Examples—red lead paint, lead and chromate 
paints, etc. 

Coverings of plastic and rubber are used to protect metal from 
acid solutions, and stray currents of electricity which might set 
up galvanic action in the metal. 


The metals most commonly used are aluminium 
and zinc. The metals are applied to iron and steel 
either by spraying, hot dipping, cementation or, in the case of zinc, 
electro-deposition, and the thickness of the metal varies according 
to the method used. The usual thickness varies from 3 to 5 
thousandths of an inch. 

Before application of any metallic covering, the iron and steel 
surface must be rendered quite clean either by pickling or by 
shot blasting. 

The protective value of a zinc coating depends on the fact that 
zinc in the presence of air or water forms the insoluble basic 
carbonate. In the case of aluminium, a film of insoluble oxide is 
formed. A further advantage of these two metals as protective 
coatings for iron is that they confer cathodic protection to the iron 
where it is exposed at scratches or pores. 

Work done by U. R. Evans has shown that one of the best and 
simplest methods of protecting steel from corrosion due to weather- 
ing is spraying with aluminium, followed by a coat of paint. 


METALLIC COATINGS 








SOME METHODS OF PROTECTION 
AGAINST METALLIC CORROSION 
by T. A. EVANS, Dip.Chem.,Eng., F.R.I.C. 

Presented to the Liverpool Section of the Institution, | 5th March, 1950 


_ and means to prevent, or at any rate to slow down rate of 
corrosion, date from very early periods, but it is only in this 
century that the causes of the corrosion of metals have been system- 
atically and scientifically studied. 

Some of the theories of corrosion will be discussed very briefly 
so that we can better understand the principles underlying protective 
methods. 

Generally speaking there are two types of corrosion :— 


(1) That which occurs in the absence of an electrolyte. 
(2) That which occurs in the presence of an electrolyte. 


The oxidation of metals at high temperatures is an example of 
the first type. Noble metals such as gold or platinum are almost 
the only metals not changed in appearance when heated in air. 
Most other metals become coated with an oxide film. The oxidation, 
which is rapid at first, slows down due to the film preventing the 
further access of oxygen to the metal. The protective value of these 
films will depend on the ratio of the volume of the oxide film to the 
volume of the metal needed to produce it. 


The formation of the oxidation colours seen when 
some metals are heated in air are interference tints 
and are an optical effect connected with the thick- 
ness of the oxide film. At temperatures round about 200-300° C., the 
oxide films have thicknesses of the same order of magnitude as the 
wavelength of light, and the tints are due to the fact that light is 
reflected to some extent from both the outer and inner surfaces of the 
oxide film. These reflections for some wavelengths may be in the 
same phase, but for other wavelengths they will be in opposite phase. 
This latter condition results in partial extinction of these wavelengths 
and the reflected light will be deficient in these colours. 

Before dealing with the second type of corrosion, which occurs 
in the presence of an electrolyte, it may be more clearly understood 
if we deal briefly with the electro-chemical principles involved. 

When a lump of salt is placed in a salt solution, it tends to pass 
from the solid into solution until an equilibrium is reached. When 
a sheet of metal is dipped into a solution of one of its salts, a similar 
action tends to occur except that the metal cannot dissolve as such. 
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What happens is that an interchange of ions takes place between the 
solid and the solution. If the solution is very dilute, positive metallic 
ions tend to pass from the metal into the solution ; if the solution is 
very concentrated, the tendency is for positive metallic ions from 
the solution to deposit on the metal. 

When the solution is very dilute, positive ions will leave the metal 
and enter the solution, leaving the surface of the metal negatively 
charged. This will continue until the negative charge is strong 
enough to prevent further solution of positive ions. This is the 
equilibrium point and it is possible to measure the potential 
difference between the metal and the solution. Similarly figures 
can be obtained for the potential difference between any other metal 
immersed in a solution of one of its salts. The strength solution 
adopted is one of normal ion concentration and the metals arranged 
in order of the potential difference constitute the electro-chemical 
series. Zero has been fixed as the potential between blackened 
platinum saturated with hydrogen under 1 atmosphere pressure 
and an acid solution of normal hydrion concentration. Potentials 
above that of hydrogen are counted positive, whilst those below are 
negative. 


The Potential Series of the Metals 


Metal Volts 
Gold Au" +1.42 
Platinum Pt: +1.2 
Silver Ag’ +0.80 
Mercury Hg? +0.80 
Copper Cu +0.345 
Hydrogen H- 0.000 
Lead Pb* —0.125 
Tin Sn* —0.135 
Nickel Ni* —0.25 
Cadmium Cd: —0.40 
Iron Fe —0.44 
Chromium Cr° —o0.71 
Zinc Zn" —o.76 
Aluminium Al —1.67 
Magnesium Mg": —2.34 
Sodium Na: —2.71 
Potassium K- —2.92 
Lithium Li: —3.02 


In this series the noble metals are at the top and the reactive 
metals are at the bottom. Roughly speaking we may say that the 
effect of placing any metal in a solution of the salt of a more noble 
metal, that is, one standing higher in the list, is to reduce the latter 
to the metallic condition. As an example, when iron is dipped into 
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a solution of copper sulphate, the more reactive iron passes into 
solution, while copper is precipitated out and deposited on the iron. 
Where, however, the potentials of two metals are close together, we 
have to take into account the question of ionic concentration. Thus, 
metallic tin placed in a solution of a lead salt will start to precipitate 
metallic lead ; but metallic lead placed in a solution of a tin salt 
will start to precipitate metallic tin. 


ANODIC CORROSION The potentials given in the E.C. series are equili- 

brium values. If the potential is depressed below 
the value in any case, there will be passage from the ionic to the 
metallic state with deposition of metal. If it is increased above 
equilibrium value, corrosion will take place by virtue of passage 
from the metallic to the combined state. This is termed Anodic 
Corrosion. 

If two zinc electrodes are immersed in a zinc chloride solution 
and are joined to the terminals of a battery, the potential at the 
cathode is lowered below equilibrium point and deposition of 
metallic Zn occurs there. The anode potential is simultaneously 
raised above equilibrium point and anodic solution of Zn occurs, 
causing a concentrated layer of ZnCl, along the anode surface. 

A similar state of affairs exists when two different metals are in 
contact and immersed in an electrolyte, only here the current 
necessary is caused by the differing potentials of the metals as shown 
in the E.C. series. 

Take the case of zinc in contact with copper in an electrolyte. 
From the E.C. series we see that Zn is more reactive than copper 
and therefore suffers anodic corrosion, while hydrogen is deposited 
on the copper. Now the resistance offered to a current is less 
through a metal than through a solution, therefore in this case the 
current will concentrate at the junction of the metals, causing 
intense corrosion at these points. 

Small percentages of impurities can greatly influence the rate of 
corrosion of a metal and, generally speaking, impurities of low 
hydrogen overpotential value increase corrosion by acids while 
those of high overpotential value decrease the attack. 

Before corrosion of the contact type can have an appreciable and 
serious effect, the hydrogen deposited on the cathode or more noble 
metal must either be evolved as bubbles or removed immediately 
it is formed. 

When different metals are immersed in an electrolyte and joined 
externally through a galvanometer, a current will be registered. 
Metal will pass into the ionic condition from the reactive metal, 
while hydrogen will be forced on to the surface of the noble metal. 
As soon as hydrogen begins to accumulate on the cathode, the 
potential there will be altered so as to reduce the e.m.f. of the cell. 


64 





-— 











-—- 














SOME METHODS OF PROTECTION AGAINST METALLIC CORROSION 


It may happen that the potential at the cathode will become equal 
to that at the anode, in which case the current and therefore the 
corrosion would cease as the cell would then be polarised. If, 
however, before this stage is reached, the cathode becomes so 
super-saturated with hydrogen that the gas is evolved as bubbles, 
the e.m.f. would not drop any more and corrosion would proceed. 
But even if in certain circumstances the evolution of hydrogen is 
impossible, the slow removal of hydrogen by oxidising agents is 
possible and consequently a slow but permanent current is main- 
tained. It is important to note that dissolved oxygen can and does 
act as a depolariser. 

I do not, however, want to convey the impression that a metal 
will only corrode when in contact with another metal acting as 
cathode to it. Taking iron for example, adjacent areas on the 
surface take up anode-cathode relationship. This in many cases is 
due to unavoidable segregation of impurities causing the solution 
pressure to be greater at one point than another, the areas with the 
higher pressures being anodic. 


DIFFERENTIAL But even pure metals corrode, showing that dif- 
AERATION ference in composition of the metal is not necessary 
to develop anodic and cathodic areas, and the 
more dangerous kinds of corrosion by ordinary industrial water are 
due to electric currents set up by differences in the oxygen concen- 
tration at different parts of the liquid. This differential aeration 
theory is due to U. R. Evans, who is carrying out corrosion research 
at Cambridge. 

The following experiment will be demonstrated to illustrate the 
theory. (Fig. 1.) 

Two strips of iron cut from the same sheet and cleaned are 
immersed in a solution of MaCl. They are separated by a porous 
partition P. while air is bubbled through the solution against one 
of the strips. If the strips are joined externally through a galvano- 
meter, it will be found that despite the fact that the electrodes have 
the same composition and that both compartments contain the 
same liquid, a current is set up, the aerated pole being the cathode, 
and the unaerated one the anode. 

Difference in the rates of supply of oxygen to different parts 
of a metal surface, is responsible among other things for ‘‘ pitting ”°— 
one of the more serious forms of corrosion. A continuous supply of 
oxygen to a metal electrode surface results in the formation of a 
protective oxide film which hinders the passage of metal ions into 
the solution but has little effect on the reverse process, i.e., the 
deposition on the electrodes of ions from the solution and the 
aerated electrode will act like a noble metal as compared with the 
unaerated one. The potential] difference set up will favour the 
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Fig. 1. Fig. 2. 


passage into solution—or the corrosion—of the parts that have not 
direct access to dissolved oxygen. 


POROSITY The porosity of metals is ‘an important factor in 
OF METALS corrosion. For instance, if there are cavities in the 

surface of a sheet of zinc immersed horizontally 
in a shallow solution of a salt, the rate of supply of oxygen to any 
cavity will be lower than that to the surface and, applying the 
differential aeration theory, the cavity will become anodic. The 
zinc surface inside it will suffer anodic solution and will corrode, 
the zinc ions dissolving in ZnCl,, while the large outer horizontal 
surface will become cathodic and here Na ions will form NaOH 
with the water in the solution. At the mouth of the cavity the 
ZnCl, combines with the NaOH to form a ring of gelatinous 
Zn(OH), which is almost insoluble. Had this been formed at the 
seat of the corrosion it might have prevented further attack, but as 
it is, it only shields the cavity from diffusing oxygen and speeds up 
rather than hinders the attack. 

Now, continued supply of oxygen to the main surface is required 
to maintain the current, and therefore the corrosion. The more 
extensive the cathodic layer or main surface, the larger is the 
current produced, but all the corrosive effect is concentrated in 
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the cavities. Consequently the rate of penetration downwards is 
comparatively rapid and the phenomenon of pitting results. Where 
metal contains slag or other inclusions there are likely to be cavities, 
partly owing to the bad adhesion between metallic and non-metallic 
materials, and partly owing to the difference in contraction of the 
different materials during cooling, so that corrosion often penetrates 
deeply around the edges of the inclusions and in the engineering 
world one is familiar with the way in which the attack upon iron 
follows slag-lines. 

When a zinc plate is immersed vertically in a salt solution the 
effect of differential aeration may be clearly seen. 

The bottom corrodes first, just where one would expect the 
oxygen to become exhausted first, the Zn ions dissolving as ZnCl,. 
The top portion just under the water line where replenishment of 
oxygen is rapid is cathodic, and a layer of caustic soda solution is 
formed over its surface. At the junction of the corroded area with 
the non-corroded area, the ZnCl, interacts with NaOH to form 
a precipitate of Zn(OH) >. 

Soon, however, cavity effects become noticeable and since the 
plate is vertical the Zn(OH), formed slowly creeps downwards due 
to gravity and mechanically shields parts of the zinc from new 
oxygen supply ; these areas then suffer anodic corrosion. It will 
also be seen that the well-aerated area near the water line has 
suffered no corrosion. We can, therefore, attribute the corrosion of a 
vertical plate to currents between the top aerated area and the 
unaerated area below. If so, it should be possible to tap the current 
generated and Fig. 2 illustrates the experiment which will be 
demonstrated. 

Stresses and strains have an important bearing on the corrosion 
of metals and it has been shown that an e.m.f. can be produced 
between strips of the same metal, one of which is cold worked and 
the other annealed. 


AtmospHeric }60 V will consider corrosion in the atmosphere, and 
CORROSION generally speaking the atmosphere must be wet 
and polluted. The presence of moisture alone 

causes only a comparatively slight change on most metals, and it is 
atmospheric pollution that hastens the rate of corrosion. It is true 
that water and air are capable of producing rusting on iron and 
steel, but in the absence of polluting agents the action is very slow. 
Iron crosses on peaks in the Alps are surprisingly immune from 
rusting, but one of the most remarkable instances of metal work 
escaping corrosion is the ancient column at Delhi, which is believed 
to be over 2,000 years old and which is still practically free from rust. 
In countries where coal is burnt, acid gases in the atmosphere 
play an important part in the corrosion of metals. The sulphur in 
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the coal burns to SO, which in contact with moist air is converted 
into sulphuric acid, and rainwater in industrial districts may contain 
as much as .01% H,SO,. 

Fig. 3 shows the results of Vernon’s experiments, on the effects 
of progressively increasing relative humidity on the corrosion of 
iron with and without atmospheric pollution. At relative humidities 
of less than about 60%, there is no visible change whether pollution 
is present or not. In a critical range 60 to 80%, R.H. some rusting 
occurs and the protective film is evidently breaking down. Above 
this critical range of R.H. there is a very large increase in the rate 
of corrosion if traces of pollution are present, as shown by curves 
B, C and D. But in pure air the increase in rusting is almost neglig- 
ible, even at 99% R.H. Particles of charcoal act in most interesting 
ways. When the air is pure they have no effect and the curve follows 
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A. If, however, there is pollution as well (Curve D) the rate of 
corrosion is increased over even that in Curve C. In this case the 
action of the charcoal is probably physical and causes local increased 
concentration of SO, by absorption. It is probable that carbonaceous 
particles in industrial atmospheres act in a similar manner. 

Metallic articles exposed to a damp atmosphere become covered 
with moisture either as tiny drops, as a continuous film, or by 
condensation in the pores when temperature falls below dew point. 
A certain amount of electrolytic action might be expected in this 
condensed moisture. But here conditions are different from the 
cases we have previously considered, where we had deep immersion 
and where rate of supply of oxygen was the limiting factor. We 
now have an extremely thin liquid layer, and oxygen is present in 
excess, so that the velocity of corrosion is likely to be controlled 
by other considerations. For instance, if the condensed moisture 
is pure water the only primary corrosion product will be the 
metallic hydroxide which will quickly saturate the water, forming 
a protective film, and stop further corrosion. But if HCl or SO, 
from the atmosphere is present in the liquid film, the primary 
corrosion product will be highly soluble and corrosion will proceed 
without interruption. 

Let us consider the corrosion caused by a drop of liquid on iron. 
(Fig. 4.) 

If a drop of NaCl solution is placed on a piece of cleaned iron, 
corrosion takes place below the centre of the drop while the outer 
portion near the edge of the drop is cathodically protected. 

The oxygen in the centre of the drop becomes exhausted and any 
cathodic reaction there stops. The outer edge of the drop has good 
access to oxygen and we now have a condition of differential 
aeration where the centre is anodic to the outer portion and is 
attacked. Ferrous salts are formed in the centre, while alkali is 
formed outside. At the junction these combine to give a precipitate 
of white ferrous hydroxide, which is quickly oxidised to hydrated 
ferric oxide—or the ordinary brown rust. 
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PROTECTION It is impossible to prevent corrosion altogether, 
AGAINST CORROSION but it is possible to avoid rapid localised attack and 

to retard the velocity of corrosion. This may be 
done in a number of ways. We can modify the corroding medium 
or we can exclude it from the metal with varying degrees of efficiency. 
In dealing with protection against atmospheric corrosion, we 
mostly have to take the corroding medium as fixed and concentrate 
on protecting the metal from it. 

With limited time at our disposal I want to spend most of it on 
protection against atmospheric corrosion and will only deal very 
briefly with the other types. 

Some troubles have obvious remedies. As an example many 
designs come out of the drawing office calling for parts made out of 
different metals, and these are subsequently assembled in contact 
with one another. In many cases no thought had been given to 
corrosion by contact of dissimilar metals and the trouble was 
remedied by either changing the metals or insulating one from the 
other. 

Corrosion also takes place in crevices between structural members, 
or even between dissimilar metals not in contact but in the same 
liquid medium. This type of trouble can often be overcome by 
improved design. 

In the case of immersed corrosion, much improvement can be 
obtained, particularly in closed circuits, by the use of inhibitors 
in the water. These may be anodic, cathodic or absorption 
inhibitors. 

The anodic inhibitors, as their name suggests, control the anodic 
reaction. Many of them are classed as dangerous because if added 
in insufficient quantities they protect part of the anodic area only, 
and allow the whole of the corrosion current to concentrate on 
small localised unprotected areas. The intensity of attack is greatly 
increased and in certain circumstances, a plate may be perforated 
more quickly than if no inhibitor had been added. It is also 
important to maintain the inhibitor concentration at a safe level. 

When the addition is in sufficient quantity, however, these anodic 
inhibitors are very efficient. An example of an anodic inhibitor is 
sodium chromate, Na,CrO,10H,o. Sodium dichromate is a 
cheap and easily obtained source of the chromate and is converted 
into the chromate after solution, by the addition.of an alkali such 
as NaOH. In some cases there may be sufficient alkali in the water 
for this purpose. 

The action is not a simple oxidation, and other powerful oxidising 
agents such as permanganate and hydrogen peroxide produce no 
such effect. The effectiveness of the protective film produced by 
chromate seems to be due to the iron oxide film being strengthened 
with chromic oxide. This so modifies it that a dense adherent 
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protective film is formed instead of the usual loose unprotective 
film. Sodium chromate may accelerate corrosion in acid or chloride 
solutions. Sodium chromate may be used for iron, steel, zinc, 
aluminium, copper, brass or lead. 

Cathodic Inhibitors usually result in relatively thick visible films 
and do not completely stifle the attack. Calcium bicarbonate and 
salts of metals which form sparingly soluble hydroxides (such as 
Zn and Ni) are examples. The films form on the cathodic areas 
and either isolate them or diminish access of the oxygen needed for 
the cathodic reaction to proceed. 

Absorption Inhibitors are usually organic substances of high 
molecular weight, and include several colloidal substances. They 
form a film over the surface generally and slow down the attack by 
shielding the surface. They are often used in pickling vats. 

A certain amount of protection against corrosion is given to steel 
which has been immersed in soluble oils such as some cutting oils, 
and rusting is largely avoided. Work by Thornhill? suggests that 
the corrosion products precipitate the oil from the emulsion, at the 
places necessary to stifle the attack. He showed that the anodic 
product (ferrous chloride) was a powerful precipitant of oil particles 
whereas the cathodic product was a weak precipitant, and thus 
gives preferential protection at the spots where corrosion would 
develop. 


One of the most modern inhibitors has been dis- 
SODIUM BENZOATE covered as a result of work on anti-freeze solutions 
carried out during the war, for the Ministry of 
Supply, by the Chemical Research Laboratories, Teddington. The 
material is sodium benzoate*. It is a safe inhibitor in concen- 
trations as low as 1.5°% under the severe conditions of intermittent 
heating and cooling. It can, therefore, be used as an anti-corrosive 
addition to glycerine or glycol solutions in the cooling systems of 
I.C. engines, preferably with the addition of 0.1% of sodium 
nitrite*. The nitrite suppresses the corrosion of any cast iron, 
against which benzoate is not very effective, and the sodium 
benzoate (1.5%) effectively prevents attack by the nitrite on any 
soldered joints in the system. 
Measurements have shown that sodium benzoate functions as an 
anodic inhibitor, but the exact mechanism is not yet clear. 


PROTECTION BY One method of protecting a metal from corrosion 

METALLIC COATINGS #° PY Covering it with a coating of a more resistant 
metal. This can be done by dipping in a bath of 

molten metal (such as galvanizing), spraying molten metal from a ~ 

pistol, heating in a metal powder such as zinc (sherardising) or 

by electro-deposition. 

I do not intend to deal with the methods involved in working 
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these processes, but would like to spend a short time on the protec- 
tive properties of some of these metallic coatings. 

Under atmospheric conditions zinc is attacked much more slowly 
than iron and, as it also offers cathodic protection to the under- 
lying metal, it gives greatly prolonged life. The life of a zinc 
coating is proportional to its thickness. 

Cadmium would appear, from the electro-chemical series, to be 
slightly cathodic to iron, but it has been shown that while this is 
so at zero current, corroding cadmium is anodic to iron and under 
these circumstances will sacrificially protect the underlying metal. 
Cadmium keeps its colour better than zinc under marine conditions, 
but is not as good as zinc in industrial atmospheres ; one of its main 
virtues is its excellence for storage in tropical climates of high 
temperature and high humidity. 

Among the metals used for protective coatings, and which are 
cathodic to iron, are nickel and copper, and in many cases tin. 

It is very difficult in practice to obtain a perfect and continuous 
electro-deposited film. Discontinuities can arise from porosity, 
pinholes, breaks made through abrasion in service, or through 
cracking or peeling, so that in the case of an imperfect cathodic 
coating on iron, the iron may be preferentially attacked. The 
relative cathode to anode area will be large and in some cases the 
intense corrosion at breaks due to this may be more serious than 
that on unprotected iron. 

A process now coming to the fore is the spraying of molten 
aluminium on to steel, either as the sole protection or as a protection 
to be followed by painting. Pre-war tests? on sandblasted steel 
samples sprayed with aluminium were free from rust after seven 
years’ exposure in London and after four years’ marine exposure. 


In many industries there are considerable time 
intervals between the purchase of steel and 
steel parts and the fabrication into articles, and 
it is often found that painting the material immediately after 
purchase and before storing it, is not practicable. In these cases 
temporary protective coatings are often used to minimise rusting 
of the steel before use. They are usually non-drying organic 
compounds which can be wiped off with a rag with or without 
the aid of a solvent. They are often called slushing compounds, 
and in the early days usually consisted only of mineral oils and 
greases, which were not very effective. Of recent years it 
has been shown that lanoline is one of the best temporary protective 
greases. It can be applied from solutions in solvents and if necessary 
can be pigmented with an inhibitive pigment. It adheres well to 
the metal and does not flow in hot weather, as do the mineral 
greases. 
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But here again the surface to be protected must be clean and dry 
before applying the protective coating. Many a failure of a bright 
machined surface has been traced to the surface having been 
handled and perspiration left on it before the protective coating 
had been applied. 

Another method of temporary protection is to pack steel parts 
in a neutral paper impregnated with sodium benzoate (5°, aqueous 
solution). Samples packed in this way have remained bright for 
many months, while similar articles packed in ordinary paper have 
rusted in a very short time. 

Sodium benzoate has also been used in conjunction with rubber 
latex and the articles to be protected sprayed or dipped. This 
is stated to be a very efficient protection, and can be peeled off 
when no longer required. Latex without benzoate inhibitor is not 
nearly so effective. 

Another use for a benzoate is in the prevention of corrosion of 
articles in an enclosed space of air, such as in large packages, by 
means of a volatile inhibitor. For this n-butyl benzoate has been 
found the most successful. It is an oil BP about 248° C. The 
quantity required is very small, as it only has to saturate the 
atmosphere of the container with the vapour of the inhibitor. It is 
insoluble in water so there is no tendency for it to leach out if the 
wrapping material becomes saturated with water. 


Paint is probably the best known preservative for 
iron and steel. Even before the war, in this 
country alone, some 40 million gallons of paint 
were sold every year for application to iron and steel. 

The question is often asked—What is the best paint to use on 
iron and steel ? This question as put cannot be answered satisfac- 
torily. To use a familiar phrase—‘ it all depends.” It depends on 
the nature of the surface to which it is applied ; it depends on the 
pre-treatment of that surface—and it depends on the nature of the 
atmosphere to which it will be exposed. Before deciding on a paint 
for any particular job all these things must be considered. 

Ideally, three different types of paint should be applied to steel— 
a priming coat, intermediate coat and a finishing coat—each having 
its own particular function. The priming coat must adhere to the 
metal and form a key for the following coat, and for this purpose 
should have a minimum of oil to bind the. solid pigments. The 
second coat contains more oil than the primer to give a smoother 
and more water resistant surface. The final coat usually has still more 
oil to seal the particles of pigment into a more moisture-proof film. 

The pigments in the primary coat should contain some of the 
inhibitive type, such as red lead, lead and zinc chromates. The 
inhibition is by chemical action and depends on the slight solubility 


PROTECTION 
BY PAINTS 
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of the pigment in water to carry the solution to the surface of the 
metal, and thus protect where the finishing coats may be scratched 
or have failed to provide sufficient protection. The choice of 
pigment is often a question of solubility. For instance, zinc 
chromate can be obtained in different forms of varying solubility. 
If the pigment is not sufficiently soluble, the concentration of 
chromium ions will be too small to be effective in preventing 
corrosion ; if it is too soluble the pigment would soon dissolve away 
and cease to have any protective qualities. 

Zinc chromate is very expensive and may be diluted with other pig- 
ments, such as iron oxide, and still retain good inhibitive properties. 

Red iron oxide is sometimes used as a primer pigment and often 
gives satisfactory results. But it must be remembered that, electro- 
chemically, it is inert and has no inhibitive properties. It can only 
form a mechanical barrier to the ingress of moisture and should not 
be used without support from some inhibitive pigment. 

Graphite or carbon pigments should not be used in priming 
paint as if any scratch occurs through it to the metal, corrosion is 
stimulated. It is, however, a good moisture excluder, both because 
of its laminar structure and because of water-shedding properties 
and can be used with advantage in secondary coats. 

Metallic zinc on the other hand, being anodic to steel, should 
give protection, provided sufficient is present. 

Finishing paints should be formulated to give good adhesion to 
the priming coat and efficient resistance to moisture penetration. 
The best pigments for finishing coats used outside should be capable 
of absorbing destructive light rays. It is known that light causes 
photo-chemical deterioration of paint medium, and the destructive 
effect of the light on the paint films increases as the wavelength of 
the light gets shorter. In other words, the visible blue and ultra 
violet end of the spectrum causes quicker deterioration: It follows 
then that coloured opaque pigments should be the most effective 
protection, and the ones to use are those that absorb the most 
destructive rays. Red and yellow, which absorb the blue end of the 
spectrum, will be more effective than white, green or blue pigments, 
which reflect blue and therefore scatter blue rays through the 
medium. Flaky pigments like aluminium, which often float to the 
surface and lie flat overlapping one another, also have the effect of 
reducing photo-chemical decomposition. The incorporation of as 
little as 5°% aluminium leaf pigment into white finishing coats can 
increase the durability of these paints to light and moisture penetra- 
tion, with only slight alteration in colour. 


, binding i in a paint naturally 
THE BINDING MEDIUM rhe binding medium in a paint naturally 
plays a big part in protection ; in modern 
paints the natural resins that were incorporated into drying 
oils are gradually being replaced by oil soluble synthetic resins. 
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SOME METHODS OF PROTECTION AGAINST METALLIC CORROSION 


These aid the drying oils to harden more quickly without excessive 
additions of driers. The dried films are also more moisture-resistant, 
and many paints into which synthetic resins are incorporated have 
much improved resistance to alkali. It is interesting to note that 
in some cases inhibitive pigments for priming coats, when dispersed 
in highly water-impervious synthetic vehicles, are less effective 
than when dispersed in linseed oil, due to reduced water for solution 
of the inhibitive pigment. 

Paints formulated on drying oils such as linseed and Tung oil 
would be very slow drying at ordinary temperatures without the 
addition of driers. These driers may be soaps of metals such as lead 
manganese and cobalt, varying in amount from .05% to .5°%. The 
more the drier the quicker the drying time, but excess tends to give 
reduced durability, and oxidation seems to continue for a long time 
after the paint has hardened, the paints becoming brittle and 
deteriorating rapidly. 

When paint is applied as a thin film, evaporation of the volatile 
thinner occurs, and the unsaturated bodies in the drying oil take up 
oxygen aided by the driers. The oxidised molecules then start to 
polymerise and in the case of linseed oil paints, during the later 
stages, there is a loss in weight due presumably to the expulsion of 
volatile matter from destructive oxidation. This tends to make the 
film porous. If the final hardening could take place without the 
passage of molecules to or from the gas phase, the paint should 
solidify to a compact film. These conditions are most nearly 
approached by the stoving enamels, the life of which is also 
extended by the absence, or much reduced amounts, of driers. 


PAINTING OF ALUMINIUM we of aluminium and magnesium alloys 
AND LIGHT ALLoys %°S¢rves a few words of its own, as they require 
special treatment for successful results. 

Aluminium often tenaciously retains a film of oil or grease, 
in many cases very thin and not easy to see. If not removed, 
it results in the poor adhesion of paint applied to it. Either solvent 
or alkaline degreasing may be used, but where alkaline cleaning is 
adopted it should be followed by an acid wash. Alkali is a good 
paint remover! The acids usually used are 5% chromic acid or 
5% phosphoric acid, after which the articles are thoroughly washed. 
Then follows a pre-treatment to secure a surface which will give a 
good key for the priming paint. These treatments are usually 
chemical, and consist of chromic acid or phosphoric acid applica- 
tions. The phosphoric acid is often used in mixed alcohol solutions. 
Pre-treatment is not essential for indoor or very mild outdoor 
exposure conditions. 

The priming paint must adhere to the underlying metal and the 
pigment should be an inhibitor if severe atmospheric conditions 
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are to be expected. Such a pigment which is very widely used for 
aluminium is zinc chromate. Primers containing lead pigment 
should not be used on aluminium, as lead pigments may be reduced 
to metallic lead which would stimulate corrosion of the aluminium. 

A recent development in priming paint is the so-called wash 
primer, which combines pre-treatment with priming in one 
operation when used on a clean surface. It is supplied in two parts 
which are mixed before application. One part consists of a mixture 
of isopropyl and butyl alcohols with phosphoric acid, and the other 
of vinylbutyral resin containing zinc chromate as a pigment. It is 
applied by any of the usual methods. One big advantage is that 
it can be applied successfully to a damp surface and is therefore 
suitable for outdoor and marine painting. The coat is very water- 
resistant and any other type of paint can be put on top of it. 

Water on magnesium gives an alkaline product (hydroxide) which 
will soften and loosen paint, so that for satisfactory painting, 
magnesium alloys must be chemically pre-treated. Suitable 
treatments are chromate pickling or anodising. 

Painting is very much as for aluminium alloys and again lead 
pigments should be avoided. 


PREPARATION OF suRFACE “)2S¢mce Of proper preparation of the surface 
BEFORE PAINTING °° be painted and improper application of the 

paint probably account for a very large per- 
centage of so-called paint failures. ‘The surface should be clean and 
dry and free from all loose scale or rust. Much has been written on the 
question of mill scale, and whether it should be removed before 
painting. Scale varies considerably in behaviour and composition, 
depending partly on differences in various processes of hot rolling. 
It is cathodic to iron so stimulating corrosion at breaks and cracks 
in the scale, and for best results it should be completely removed, 
either by pickling, sandblasting or shot blasting. 

Chemical pre-treatment is now being used on an ever-increasing 
scale. Representative of this type are the various phosphate 
processes that consist of treating the iron or steel with a metal 
phosphate containing free phosphoric acid. This gives a grey 
coloured crystalline phosphate coating. Experience has shown that 
paint applied over phosphate-coated steel has a longer life than 
that on untreated steel. It has much better adhesion, possibly by 
flowing into the interstices between the phosphate crystals and so 
anchoring the paint to the metal. When paint is applied to metal 
by dipping or flowing, there is a tendency for most paint films to 
pull away from the edges due to poor adhesion. There is much 
increased retention of paint on phosphate-coated steel, and this is 
the principal factor in minimising the spread of corrosion from the 
edges of painted phosphate-coated surfaces. 
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SOME METHODS OF PROTECTION 





AGAINST METALLIC CORROSION 


APPLicaTIon _f4aving cleaned the steel, the priming coat should 
OF PAINTS  D¢ applied before a perceptible coat of rust has 

had a chance of forming. The surface must also 
be dry, as even an invisible film of moisture on the metal will tend 
to cause corrosion underneath the paint, and to prevent good 
adhesion. One of the most important factors in applying the paint 
is the atmospheric condition prevailing, from the time of application 
to the time the paint film has set and begun to harden. So that 
ideally, under outdoor conditions, priming coats should not be 
applied very early in the day and only in dry weather. Tests by 
Britton also carried out at Cambridge showed that bright steel 
specimens painted before dawn failed after a shorter period than 
similar ones painted in the afternoon, presumably due to moisture. 
Particular care should be taken if the paint is sprayed. The sudden 
expansion of air at the nozzle of a spray gun absorbs energy and 
results in a drop in temperature. If the dew point and the atmos- 
pheric temperature are close together, condensation of water 
vapour will take place around the sprayed paint particles and result 
in poor adhesion and poor resistance to weathering. 

The priming coat should be sufficiently thin to fill completely 
any depressions in the surface. 

A number of relatively thin coats of paint gives much better 
protection than fewer thick coats, if only for the following reasons. 
For the rusting of a properly prepared surface a susceptible point 
on the metal must coincide with a weak point in the paint film. So 
if for any given thickness more coats are used, there is less likelihood 
of all the weak points coinciding. 


In this country, failure of a paint film is generally 
from below. Due to imperfections or porosity, 
rusting starts at one or two points, and since rust 
occupies a much greater volume than the iron from which it comes, 
it pushes the paint away thus breaking the film and leaving bare 
metal exposed. It follows, therefore, that inhibitive paints will 
adhere better than non-inhibitive paints. 

Paint films also age with time for various reasons. Long exposure 
to light and air reduces the elasticity, so that the film can no longer 
react as well to dimensional changes due to temperature and 
humidity variations. 

The action of light also has a bad effect on the vehicle of paints, 
which can be so great that the particles of pigment may be loosened 
causing chalking. White paints which transmit light are the most 
susceptible to this. 

U. R. Evans of Cambridge has shown that pure dry rust has 
comparatively little effect on the behaviour of a film painted over 
it. But natural rust produced by the atmosphere usually brings 


BREAKDOWN OF 
PAINT FILMS 
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about rapid failure, probably due to sulphur and chlorine com- 
pounds from industrial atmosphere. If an inhibitive type primer 
has been used, a rust surface will also prevent uniform access of the 
pigment and most of the advantages of the inhibitor are lost. 


I have tried to put before you two general pictures. First the 


mechanism of various types of corrosion, and second, the principles 
underlying some of the methods employed to protect against 
corrosion. I hope that this method of presentation will stimulate 
thought and give an orderly approach to the subject of corrosion 
prevention, and that it will help to dispel what I think is an all too 
familiar outlook—that to prevent rusting all you have to do is to 
slap on a coat of stuff called paint. 


Or -& OO 
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INSTITUTION 
AWARDS 





Lord Austin Prize 


pte eo 


This prize consisting of books and/or instru- 
ments together with a certificate, is presented 
annually for the best Essay submitted by a 
Graduate of the Institution. Details of con- 
| ditions are published in the Journal each year. 





Hutchinson Memorial Medal 


A medal is awarded annually for the best 
paper presented to a Section by a Graduate 
of the Institution. 














Institution Medals 


Silver medals are awarded each year for the 
best paper presented to a Section during the 
year by (a) a member, and (b) a non-member. 







Schofield Travel Scholarships 






The Scholarships provide for two Graduates 
each year to spend six months on industrial 
study visits in selected overseas countries. 
Details and conditions of the Award are pub- 
lished each year in the Institution’s Journal. 











ANGLO-AMERICAN COUNCIL 
ON PRODUCTIVITY 





SPECIALIST TEAM REPORTS 
Materials Handling 


Simplification in Industry 
Simplification in British Industry 
Packaging 

Management Accounting 


Productivity, Measurement as an aid to 


PRODUCTIVITY TEAM REPORTS 


Steel Founding 

Cotton Spinning 

Cotton Doubling 

Cotton Weaving 

Building 

Internal Combustion Engines 

Pressed Metals (Deep drawn) 

Clothing (Men’s outwear) 

Fertilizers (Superphosphate and Compound) 
Electric Motor Control and Switch Gear 
Grey Ironfounding 

Electricity Supply 


Diesel Locomotives 





These Reports may be obtained from the 
Offices of the Council, 21, Tothill Street, London, S.W.1. 
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AHOLD A JOB 
UP TO I5lb. 


for welding, soldering, assem- 
bling, polishing, repair etc. 





» - JUST WHERE 


Write or Telephone for Fully Illustrated Leaflet 


SPENCER, FRANKLIN LIMITED 


2922 HIGH HOLBORN, LONDON, W.C.1 Telephone: HOLBORN 1436 (3 lines) 
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Here is the latest example of British Machine Tool 
initiative ! Features of the LAC Crankshaft Grinder in- 
clude hydraulically operated wheel head and work steady 
with single lever control, steady and wheel head feeding 
simultaneously from opposing sides and pressure lubrica- 
tion for table ways. Models are available covering a wide 
capacity range. May we forward data ?* ~ 


NEWALL PRECISION — 


means GREATER PRODUCTION ! 
(EARLY DELIVERY) 


FuuL 


* 


NEWALL GROUP SALES LTD. 


PETERBOROUGH ¢® NORTHANTS 


Rathbone 
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Why a STEEL CASTING? 


The crusher illustrated here is one of the several 
types which are used to process the 35,000,000 tons of 
quarried materials which are now produced annually 
in this country. This particular crusher is known as a 
primary crusher, and between the jaws large blocks of 
stone, some weighing one ton or more, are squeezed 
until they crack and disintegrate into smaller but still 
large fragments. 

The principal load bearing 
and wearing parts are invariably 
steel castings. Why steel 
castings ?... Well, in the first 
place, it would be extremely 
diflicult and expensive to pro- 
duce parts of such shape and { 
mechanical properties by other 
means, and secondly, by casting 
it is possible to provide the 
essential degree of strength and 
stress resistance while avoiding 
the use of bulky and over- 
weighted members. In_ the 
diagram some of the principal 
parts which are steel castings 
have been shaded. The jaws 
between which the stone is 
crushed may be seen on the right 
of the diagram. 


Waterloo Bridge is a typical example of 
the use of materials in the production 
of which crushing plant plays an important 
part. Both in the construction of the bridge 
itself and in the consolidation and the 
surfacing of the road and pavements 
crossing it, many hundreds of tons of 
quarried materials were used. 





The Secretaries, British Steel Founders’ Association, 301 Glossop Road, Sheffield. STEEL CASTINGS 
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WOLVERHAMPTON 
DIE-CASTING CO. 
LTD. 


MANUFACTURERS OF 


ZINC AND 
ALUMINIUM 
ALLOY PRESSURE 
DIE-CASTINGS 
OF QUALITY 





GRAISELEY HILL* WOLVERHAMPTON 


PHONE:>2383 ; Ss f az ASTINC W TON 
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IN ALUMINIUM ALLOYS YOU NEED 


ALOCLENE.. 


ENSURES A PERFECT SURFACE FOR PAINT ADHESION ETC 





WRITE FOR ILLUSTRATED LITERATURE 
SPECIALK5TS IN INTERMEDIATE METAL PROCESSING 
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As manufacturers of Alloy Steels 
for High Duty Firth Brown's 
contribution to industry is world 
wide, whether it be steels for 
engineering, shipbuilding, auto- 
mobile, aircraft, road and rail 
transport or for the most minute 
mechanisms of the precision 
engineering industries. Firth 
Brown Steels were used in the 
production of the main propell- 
ing machinery forgings on the 
** Rangitane.” 


LIST OF PRODUCTS 

Forgings—Light and Heavy, 
for special and general 
engineering. 


Forged Steel Drums, and 
Pressure Vessels. 


Hardened Steel Rolls. 


Carbon and Alloy| Steel 
Bars and Billets. 


Tyres and laminated 
Springs. 


High Speed and Tool and 
Die Steels. 


Steel Castings. 
Write for the Firth Brown 


Buyers’ Guide for further 
particulars. 








Wal 
a 


Uittttiyy 
My 


1837-1951 
EXPERIENCE & DEVELOPMENT 
IN HIGHEST QUALITY STEELS 
OF ALL GRADES 








THOS. FIRTH & JOHN BROWN LTD., SHEFFIELD. 
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GRINDING 
textile shatts 
and rollers 
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No matter if your work is large or small 
PRECIMAX grinders are always dependable 
for the highest standards of accuracy and 
finish. At Platt Bros. & Co. Ltd., Oldham, 
for instance, this PRECIMAX 120in. by 12in. 
plain grinder is regularly engaged on shaft and 


GRIND AT G6 


' 
! / 





rollers for textile machinery. An example 
of a typical job is shown in our drawing. 


We build a complete range of plain and univer- 
sal grinding machines and we shall be pleased 
to send you PRECIMAX production figures 
on your own work on receipt of blueprints. 


JOHN LUND LIMITED 
EASTBURN WORKS, CROSSHILLS, Nr. KEIGHLEY, ENGLAND 


TELEGRAMS: GRINDING, CROSSHILLS 


TELEPHONE: CROSSHILLS, 3211/2 


/ 
ihe 
SCREW “2 WHIT. 
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. After years of intensive research, Hoover 
Limited offer an entirely new range of 
F.H.P. Motors to challenge existing 
standards of “ fractional ’’ performance, 
construction and design. 

Only the latest developments which 
actual experience of modern “‘fractional’’ 
applications has proved to be most 
practical have been included. 

The result has been a unanimous 


acceptance of the new motor by all 
sections of industry. Evidence of this is 
provided by an immense demand from : 
manufacturers who require the new 
motor for inclusion in a wide variety 
of products. 

Hoover Limited also offer a 5-point 
Service Plan. It provides full facilities 
for both service and advice at a factory 
or workshop anywhere in the country. 


HOOVER LIMITED 


INDUSTRIAL PRODUCTS DEPARTMENT 
CAMBUSLANG - LANARKSHIRE - SCOTLAND 
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Size : 

7% x 52 4inches 
Weight : 

5} Ibs. approx. 


VOLTAGE A.C./D.C, 
10, 25, 250, 1,000 volts. 


CURRENT A.C./D.C. 

1O0mA, 100mA, | amp, 10 amps. 
RESISTANCE 

0-500 ohms (Midscale 12.5 ohms). 
0-50,000 ohms (Midscale !,250 ohms). 
SENSITIVITY 


D.C. Voltage ranges : 1,000 ohms per voit. 
10-yolt A.C. range : 200 ohms per volt. 


Other A.C. voltage ranges: 500 ohms per voit. 


ACCURACY 
On D.C., 1% of full scale value. 
On A.C., to B.S. first-grade. 


Various accessories are £ 13 . 13 e 0 
oe . 


available for extending 


the above ranges. (Leather Case extra) 


Sole Proprietors and Manufacturers:- 
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The need for a multi-range A.C./D.C. testing 
instrument of the requisite robustness and com- 
pact portability to withstand the rough usage 
of outdoor work is met by the Heavy Duty 
AvoMeter. 


It is a moving-coil instrument providing 18 
ranges of direct readings on a 3}-inch scale. 
Range selection is by means of a single rotary 
switch, and the instrument can be used with- 
out removal from a specially designed leather 
carrying case. 


Protection from the inadvertent application of 
electrical overload is provided by an automatic 
cut-out. The action of the overload mechanism 
is indicated through an aperture in the scale 
plate, and a small control on the panel renders 
the meter again ready for use. 


THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD. 


WINDER HOUSE, DOUGLAS STREET, LONDON, S.W.!. 


Phone: ViCtoria 3404-9. 
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13” to 30” Swing Centre Lathes. Surfacing and 
Boring Lathes. Precision Tool Room Lathes. 
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INVESTIGATE 
THE SPECIAL 
FEATURES OF 
THE NEW TYPE 


CHURCHILL 
RIGID HOBBER 


Rigid “C”. Type machine construction 
Fully automatic cycle 

Rapid power traverse 

Climb or conventional cut hobbing 
Continuous automatic axial traverse 

of hob giving Extra hob life 

Centralized controls with safety 
devices against overrun 


CH Ams & 





a CHURCHILL 


Manufactured by: 
CHURCHILL - REDMAN, LTD & CO.LTD 
HALIFAX 


COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM 25 


And at LONDON, MANCHESTER, GLASGOW and NEWCASLE-ON-TYNE 
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G.P.A TOOUS 


HARPER ROAD WYTHENSHAWE - MANCHESTER 
PHONE WYTHENSHAWE 2215. GRAMS PNEUTOOLS, PHONE 


now jrtes 
ee a 
- JIGS-FIXTURES | 
& GAUGES 


PRESS TOOLS - MOULDS AND 
SPECIAL PURPOSE MACHINES 


of all hinds 


Up-to-date shops specially laid out and 





eal 


~ 





equipped for making, on a production 
basis, every type of precision ground 
gauges; limit snap, form, calliper, taper 
and special purpose gauge, as well as 
jigs and fixtures of all kinds, press tools, moulds 
and special purpose machines. Highest class 
workmanship and accuracy guaranteed. 






G.P.A. TOOLS & GAUGES LIMITED 


Guaranteed Precision Accuraey 
| i 


Members of the Gauge & Tool Mokers’ Association 
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BARBER ™ 


gy Lectical 
QLMAN 


HOBBING MACHINE 








This machine, which has a 
capacity of 8” diameter by 10” long 
and an outstandingly rugged con- 
struction, is designed for high speed 
production of spur or helical gears 
or splines. Rigid arch-type casting, 
extra long vertical ways, which 
align the work slide, heavy short- 
coupled drive shafts and broad 
faced helical and bevel gearing, 
provide smooth powerful operation 
and minimum distortion of machine 
members even under the heaviest 


cuts. This extra-heavy structure 





plus accurate mounting of the hob 
on the taper hob spindle, ensures consistent accuracy while the machine maintains a high 
output, even through day-in day-out operation. Effortless control is provided by the handy 
centralised panel, from which a lever sets in motion the machine’s semi-automatic cycle. A 
simple selector regulates the 8—10 to either climb or conventional cutting. Increases in hob 


life ranging up to 50% are achieved by fitting the new Barber-Colman 8—1() Hob Shifter. 





For details write to: 


BARBER & COLMAN LTD., MARSLAND RD., BROOKLANDS, MANCHESTER 
Telephone : SALE 2277 (3 lines) Telegrams : “ BARCOL” SALE 
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MAZAK MECHANICAL PROPERTIES 





(No. 1) 


Test specimens of Mazak have been twisted satisfactorily through 900° at 
room temperature, such is its ductility. 

Mazak owes its ductility to the careful selection of composition and to 
the fact that it is based on ‘‘Crown Special’’ 

zinc of 99.99 +% purity, which is one of the purest 


metals commercially available. ) ATAK 


IMPERIAL SMELTING 


CORPORATION (SALES) LTD. 37, DOVER 
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EXCEPTIONALLY 


Versatile 
Performance 














Lrxe a juggler on a flying trapeze, the 
Cincinnati Centreless Grinder can perform 
amazingly versatile feats of precision work. Its 

range can cover an astonishing variety of articles: 
glass bottle stoppers and bath tub fixtures, bowling balls and gudgeon pins, 
wringer rollers and fountain pen bodies, pistons, pinions, drills, hammer heads 
and a host of others of almost any shape you can think of in all kinds of 
materials; metal, glass, plastic, fibre, hardwood, rubber, composition. In fact 
the full story of the versatility of the Centreless makes you dizzy. But it’s 
worth reading in the Brochures on the Nos. 2 and 3. 


at 







CINCINNATI 


Centreless Grinders 


Additional upplicat ons of 
the No. 3 Centreless in- 
clude such parts as rear axle 
housings and, with “ Long 
Bar Equipment”, bars up 
to 18 feet long. 








it Ya 
at LO &P & ea KG or 


CINCINNATI MILLING MACHINES LIMITED, 
TYBURN, BIRMINGHAM, 24 








4 
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You eut costs 


if you know the drill! 


In mining and quarrying the name Victor Drills is a 
by-word for efficient trouble-free rotary drilling. We 
are proud to think that McKechnie extruded brass bar 
plays a not inconsiderable part in the careful accurate 
construction of these really tough tools. The use of 
extruded brass and bronze alloys is constantly growing— 
sometimes more than half the machining costs can be cut. 


McKECHNIE BROTHERS LIMITED. 
4 Metal Works: Rotton Park Street, Birmingham, 16. Branch 
{ *& Offices : ge Lect. Manchester, Newcastle-on-Tyne. 


ry Copper Sulph p Works : Widnes, Lancs. South 
at African Works: MecKechnie Brothers S.A. (Pty.) Ltd., P.O. 


Box No. 382, Germiston, S.A. 









THE TWIST DRILL SPECIALISTS 
offer an equally speedy and 
satisfactory service in small 
tools including Milling Cutters, 
Reamers, Taps and Dies, Socket 
Screws, etc. 


Stock Lists on request. 





MONKS.« CRANE LTD 


STANHOPE ST- BIRMINGHAM - |2 
SS 
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Ts Your Business 
Pressing ? 


Our business is making High Grade 
Power Presses which give a performance 
that meets many needs and exceeds 
most expectations. They are made 
to endure and in spite of hard usage 
will not let you down. Made in a 


range from 3 to 300 tons capacity. Our 
technical representative will be happy 
to call any time to suit your convenience. 


Write to-day for our latest catalogue. 


Excellent deliveries now available on a number 
types. Please ask for details. 
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A Nolable Advance in Cutting Oil Technique 


(Purpose Base 















Designed for Automatics 


ANTISEP all-purpose base 

covers most metal-cutting operations. 

In both small and large shops 

this single concentrated Base 

meets a wide range of applications 

at a cost of under 1/- per gallon. 

One cutting oil 

to handle practically all your requirements. 
Descriptive Booklet available on request. 


Again—we pioneer a revolutionary development 





“Vaughan 


REFLECTS YEARS € Co Ltd 
OF RESEARCH BIRMINGHAM, 4; ENGLAND 


Over 50 years’ Leadership in Service to the Metal Working Industry 


Works at BIRMINGHAM - MANCHESTER - LIVERPOOL - SOUTHALL - BRISTOL - GLASGOW 




















Stellite faced Audco valves are 
used by Glaxo Laboratories 
Ltd., in their Penicillin 





apOl G3ddi1 
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trouble free life. 


DELORO STELLITE 


CUTTING TOOLS TRaoe HARD FACING ALLOYS 
DELORO STELLITE LTD., HIGHLANDS ROAD, SHIRLEY, BIRMINGHAM 


TELEGRAMS: “ STELLITE, B'HAM.” TELEPHONE: SOLIHULL 2254-5-6 


* TOOLBITS * TOOLTIPS > MILLING CUTTER BLADES> HARDFACING ROD - WORKRESTS « PRECIS 





Production Plant for long, 


Write for further information 
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A multi-purpose 
Machine for 


General Work 


Where a varied range of work is handled, 
profits depend on flexibility of Equipment and 
ease of set-up. 

The Sykes Universal Hobbing Machine is 
designed for the economical production of Spur 
Gears, right and left hand Helicals, Worms and 
Wormwheels, Chain Sprockets, Splines, Serra- 
tions and similar forms, to extremely close limits. 

The great flexibility of this Machine in 
no way impairs its capacity to maintain high 
output on long production runs. 

Ready accessibility of Change Gears for 
indexing, lead and feed and the provision of 
vernier scales on work saddle and hob carriage 
make set-up extremely simple. 


For gears up to 14” diameter. 


Technical description and specification 
sent on request, 


Ww. E. SYKES LTD. STAINES - MIDDLESEX 


Grams : “SYKUTTER, STAINES” 


Phone : STAINES 978-9 


S&, 
- SYRES 
Ko wl 


UNIVERSAL 





HOBBER 


Type HV.14 











| 
| 
| 
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INCREASE PRODUCTION 
| WITH ARDOLOY 


RDOLOY, unexcelled for turning, planing 
and milling, is made in 5 grades to suit 
various materials. 
| Quality is maintained by continual test in our 
4 Ardoloy Research Dept. 








Large stocks of standard tools ensure prompt 
delivery. : 


We supply tools on trial. 


Full details available from Small Tool Department, Red Lane Works. 
Phone: 89221 (10 lines) 


ee fe eee 


x SOLE DISTRIBUTORS: 


ALFRED HERBERT LTD 


COVENTRY 








XLi 
























Sole Distributors & Consultants: DRUMMOND-ASQUITH (SALES) LTD 
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DAWSON METAL parts 
CLEANING ad DEGREASING 


PLANT 


for 


ENGINEERS 


Made in three Standard models, 
DAWSON HYDROS will degrease 
and clean all types of meta! parts. 
Small parts such as nuts, bolts, 
valves, are fed into the machine 
in wire mesh baskets while larger 
parts such as motor car engines 
are placed on the movable rack 
as shown in the top illustration 


The machine gives a pumped 
solution wash under press re at 
180 F. and after double filtration 
is re-pumped through a D B.L. 
high efficiency centrifugal pump 
to the jet pipes which are shown 
in the sectional illustration along- 
side. The jeis are arranged so 
that clogging is reduced to a 
minimum. 


A counter-balance door is pro- 
vided for ease of operation 


King Edward House, New Street, Birmingham. 


Head Office & Works: DAWSON BROS., LTD Gomersal, Leeds. 


Te!. Cleckheaton 1080 (5 lines) 


London Works, Roding Lane South, Woodford Green, Essex. 


Tel. Wanstead 7777 (3 lines) 





| 
| 








JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS XLii 











The ‘VSG’ variable speed transmission gear is highly 4 
esteemed by leading engineers. The various advantages 
solve many transmission problems in a wide range of 
trades and industries. The chief advantages are:— 
|. High torque at low speeds. 
2. Quick yet SMOOTH acceleration combined 
with perfect control in either direction. 


| 3. Ability to “inch” rotate at very low speeds. Registered Trade Mark 
i Manual, remote, automatic and sequence controls can HYDRAULIC 
D be arranged. 
INFINITELY VARIABLE 





AM Enquiries Vo SPEED TRANSMISSION 
VICKERS-ARMSTRONGS LTD 


VSG De VICKERS HOUSE. BROADWAY. LONDON. S.W.!. Tel. ABBEY 7777 








ZING ALLOY 
DIE GASTING 
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ENGINEERS 








makes all the difference! 


Compare the modern nightlatch 
shown above with the old model 
recalled in the small sketch .. . but 
there is no comparison. Not only 
has the wide adoption of zinc alloy 
die cast parts resulted in a more 
pleasing design; it has made avail- 
able a wider range of attractive 
finishes; it has eliminated rusting; 
and it has increased productivity 
without loss of quality. In addition 
to the case, staple, turn-knob and 
slide-knob which are visible, the 
thimble and deadlocking slides are 
also die cast in zinc alloy. 


Some facts about zinc alloy die casting 
Speed of production is an outstanding feature 
of the die casting process —the shortest dis- 
tance between raw material and finished 
product. Zinc alloys are the most widely used 
of all metals for die casting because they yield 
castings with the following qualities: 
ACCURACY: Castings can be made practically 
to finished dimensions and need little or no 
machining. 

STRENGTH: Good mechanical properties for 
stressed components. 

STABILITY: Close tolerances are maintained 
throughout the life of the casting. 


British Standard 1004 

It is essential that alloys conforming to 
B.S.1004 should be specified for all applications. 
The Association welcomes enquiries about the use 
of zinc alloy die castings. Publications and a list 





ZADRA ZING ALLOY 
LINCOLN HOUSE, 


of Members are available on request. 


DIE CASTERS ASSOCIATION 


TURL ST.,; OXFORD 
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Ni Pik SELF-TAPPING SCREWS 


WITH PHILLIPS RECESSED HEADS 


THE PHILLIPS HEAD 


drivers are available for Phillips Heads. 


THE N.P.K. THREAD 


washers. N.P.K. screws simplify assembly methods and make 


stronger fastenings. 


Full details cn application from: 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD. ” (Gj K4 N 
SCREW DIVISION, BOX 24, HEATH STREET, BIRMINGHAM, 


The special driver mates perfectly with the 
recessed head and cannot slip. There is no risk 

of injury to the operator or damage to the article. 
This makes for faster, more efficient work with less 


strain on the user. Power driver bits as well as hand 


The hardened threads of Nettlefolds Parker-Kalon screws cut 
corresponding threads in drilled, formed or moulded holes. There 


is no need for tapping, tapping plates, inserts, clinch nuts or lock 
























S/P NPK/290I1 
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HOBS & FORM CUTTERS 





REAMERS & DRILLS 





i 
j 


DRILL CHUCKS 




















STANDARD 


** CARDINAL ” 
** CARDINAL ” 
HEADS 
“CARDINAL” RAPID SLIP 


INSERTED 


OIL : ** CARDINAL ” 


WARWICK ROAD - 


AND 


BLADED MILLING CUTTERS 


BLADE FACING 


“ CARDINAL” DRILL CHUCKS 3 JAW 


DRILL CHUCKS 


“CARDINAL” TAPPING ATTACHMENTS 
**CARDINAL” GEAR PUMPS FOR SUDS & 


MACHINE VICES 


** CARDINAL” COUNTERBORING SETS 


GREET 


BIRMINGHAM I! 


MACHINE VICES 





SPECIAL TOOLS 


HIGH SPEED STEEL MILLING CUTTERS 
INCLUDING SIDE & FACE CUTTERS, FACING 
CUTTERS, SHELL END MILLS, ANGLE CUTTERS, 
HOLLOW MILLS, GEAR CUTTERS, END MILLING 
CUTTERS, HOBS & FORM CUTTERS - REAMERS 
— SOLID & ADJUSTABLE TWIST DRILLS 
COUNTERBORES, JIGS & FIXTURES 


THE BROOKE TOOL 


MANUFACTURING COMPANY 


LIMITED 


Phone Victoria 2323 
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WATTS 


ENGINEERS 
VCCtStO% BLOCK LEVELS 


SENSITIVITIES 0.0001 in. AND 0.0005 in. PER 10 in. 
Further details on request. Send for List J.P.E. 24 


HILGER & WATTS LIMITED 


WATTS DIVISION 
48 Addington Square, London, S.E.5. 


Members of the Export Marketing Company — B.E.S.T.E.C. 
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/ 





PREs¢ To 


/ Press Tools or Jigs, 


WHEN you need 


Fixtures or special 
purpose machines — 
remember, High Speed 

Service means what 

it says — precisely ! 

Write or phone 
for us to call. 






























FULL DATA AVAILABLE 
FROM STOCKISTS OR: 






SMART & BROWN (Machine Tools) LTD 


SABEL WORKS 


BIGGLESWADE ~- BEDS 


SALES) 24,25, MANCHESTER SQUARE, LONDON, W.1. 


Telephone, Welbeck 794I1 


(PBX 
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Why use your men’s lungs 
to collect dust... 





. when you can use the 
DWARF Dust Collector? 
A compact and efficient unit 
embodying two-stage collec- 
tion and a 1/3 h.p. motor- 
driven fan, it complies with 
the Factory Act. 


Send for details of this and 
larger units. 


<< 


We extract the DUST from inDUSTry 


SPENCER & HALSTEAD LTD. 


BRIDGE WORKS, OSSETT, YORKS. Tel.; 353/4 


AND AT BIRMINGHAM. Tel. EDGBASTON 1539 
EPSOM, SURREY. Tel. 2201 GLASGOW. Tel. Cen. 5909 
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te hes | 


Head Office and Works: St. MARY CRAY 


CONTROL GEA 


16/18 Russell Street, 


R WORKS: BRIDGWATER, 
Manchester Office : 
Manchester, |. - 

Also a: Glasgow and Harrogate 





ENGINEERS 


It does not call for much 
investigation to appreciate 
the finer points of “ Electro 
Dynamic ” equipment. Here 
for example is featured a 
Variable Speed A.C. Com- 
mutator Motor possessing 
the following features in 
design and performance : 
fixed brush position, no slip 
rings, continuously variable 
speed. 

It is worth investigation 
and we shall be happy to 
supply detailed specification. 


It should be borne in mind 
that if this or any other 
“Electro Dynamic” unit does 
not adequately meet your 
requirements, we will design 
special equipment to do so. 


* KENT 
SOMERSET 


Phone Ardwick 2672 























“ 


0bbGea. _ 




















‘ 


\eteeeneeds 


.00!1mm. 

.0005mm. 

.0001 mm. 
Pressure 


THOMAS 


ST. ALBANS 
St. Alb 5313-4-5 


on MERCER 


INSPECTION 
PRODUCTION 


Model 215 Abramson Precimeter Head, mounted on solid 
stand with coarse and fine adjustment. This head 
has little friction, combining unparalleled sen- 
sitivity on a constant measuring pressure, with a 
magnification factor far in excess of other mechan- 
ical comparators. This head can be supplied alone 
with a shank of 28 or 30mm. 


READINGS : 


A Complete Catalogue on Request. 


MERCER LTD 





.0001°° 

.00005’ 

.00001’’ 
4-6 ozs. 


ENGLAND 
Est. 1858 
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Sole Selling Agents for 
Great Britain and Ireland : 
Alfred Herbert, Ltd., 
Coventry. 

















A CENTRELESS ENCYCLOPEDIA 


Production engineers interested in accuracy 
of finish at a low cost will find in the recently 
issued Vol. 2 of **Centreless Grinding” full 
particulars of the many types of full-automatic 
operation which have been developed during 
the last four years as well as a wealth of data 
relating to proved and tried practice. It is 
obtainable upon application to the makers. 





ARTHUR SCRIVENER, LTD., BIRMINGHAM, 24 


Telephone : ERDington 2274 Telegrams : ** Machintool ”’ 
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DROP FORGINGS OF QUALITY CLEAN AND ACCURATE 
IN ALLOY AND CARBON STEELS 


TEL. SELLY OAK 1156 (4 LINES) TELEGRAMS MIDFORGE 
DE BY 


GEORGE MORGAN LTD 


SELLY OAK BIRMINGHAM 29 


Unskilled labour 
may be safely em- 
\ ployed to check 
\ fl rapidly and with ab- 


solute accuracy the 


, profile, dimensions 
Se j _ and tolerances of 
| small machined 
ai parts on the Newton 


Profile Projector. 


Completely ob- 
viates the necessity 
for complicated and 
costly gauges and 
reliance on the 
**sense of touch” de- 
manded by their use. 


t 


Daylight Operation. 








NEWTON & CO., LTD., 72 Wigmore Street, London, W.1. 
(Associated with Metropolitan-Vickers Electrical Co. Lid.) 
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COMPRESSED AIR 


will give you “extra hands”’ 





Hand operations may set the speed 
of a machine’s output, a limiting 
factor so often unnecessary. With a 
Schrader Ejection Set fitted, com- 
pressed air is used to eject small 
parts much more efficiently than will 
an operator’s fingers. The air blast 
is synchronised with the cycle of 
operations of the machine giving 
maximum efficiency without waste 
of air. Schrader equipment gives you 
“extra hands” from your air line. 











Schrader 


AIR CONTROL EQUIPMENT 








SEND FOR DETAILS TODAY 








To A. SCHRADER’S SON (Division of 
Scovill Manufacturing Co.) 829 TYBURN 
RD., ERDINGTON, BIRMINGHAM, 24 


Please send details of Schrader Ejection | 
Sets and Air Control Equipment. 


PPITTTTTITITITTITITTTT Titi «).8;7 
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Step up 
Production 
with 
VAUGHAN 


TRIPLE GEARED 
Pulley 
Blocks. 

sy ek oO) 4 


Available for 
DISPATCH 
IN 10 DAYS 


from receipt of order 


Uj LU (ons islenf 


4 


Sole Concessionaires 


\\ 


Type A47 


They're 
LIGHTER 


to use and carry 


STRONGER 


to withstand hard»wear 


CHEAPER 


to Duy and maintain 


VAUGHAN 


Cranes, Runways and 

Pulley Blocks are 

made by 

=r 

VAUGHAN RANE me LTD 
WEST GORTON 
MANCHESTER 12 fh 


Ring 
EAST 1473 


HORSTMANN 


a 


Tf > 
ll 


Fok 


* 


Please send 

for Ilustrated Brochures 
HORSTMANN. Precision 
Gauges, Gear Hobs and Fly Press 
Guards. 
C.A. GRAY. Vernier Gauges, » 
with the Measuring Pressure [ 
Limiting Device, and Internal all 
Micrometers. B 


« 
“gg 


a” 


BROOKS & WALKER LTD. W 


41, DOCKHEAD, LONDON, SE.! 


Bermondsey 3535 (15 lines) . Grams: Brassiness, Boroh, London 
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LATHES 


en ee & in Likes ~{ 
fet ection in Planets E 


SWIFT LATHES are built as both Centre Lathes and Surfacing and 

Boring Lathes, and range from 17in. swing to 72in. swing, with any length 

desired between centres. 

SWIFI-SUMMERSKILL PLANING MACHINES aare built from 

2{t. Oin. square up to 6ft. Oin. square, of any length of table up to 40ft.0in., 

3 of both Double Column and Openside tvpes, with either all Electric or 
reversing Two Belt Drive. Special All Electric Feed Motion, 


GEO. SWIFT E& SON LTD. 


CLAREMONT. WORKS > HALIFAX « ENGLAND 
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Astonishing Performance 
GREAT ECONOMY 









ELECTRIC 


we naivet 20. Galisry Fe TRUCKS 
RANSOMES SIMS & JEFFERIES LTD. 


ORWELL WORKS, IPSWICH, Phone IPSWICH 2201 (6 lines). 


hm he prac mest 




















Soretestice times can be considerably shortened by the use of 
LINO-CLAMP standard clamps on all types of Machine Tools. They 
pom the improvised packing pieces and holding down fixtures so often 
used in the machine shop. They are compact, rigid, give a positive grip 
and owing to very low over-all height they allow maximum clearance for 
cots, tools. 

Six different types of clamp are available and a combination of different 
types can be used for irregular shaped work. 

Fully descriptive folder will be sent on request. 


TANT YAN Mi Machine Tool Company bi im ond 
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Each cleaning problem studied individually 








pra" 
INDUSTRIAL 


CLEANING 
MACHINES 


This illustration shows 
a machine cleaning 
crank cases in the pro- 
duction line. 

It is equally capable of 
cleaning small parts in Photographs by courtesy of “ Machinery.” 


baskets. 
K r 


Sole Agents for Great Britain : 
GEO. H. HALES MACHINE TOOL CO. LTD., Victor House, 1, Baker St., LONDON, W.1 


Designed and manufactured by : 
BRATBY & HINCHLIFFE LTD., SANDFORD STREET, ANCOATS, MANCHESTER 4 





i at pr 
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FOR RELIABLE METAL CASTINGS 
SPECIFY 





REGISTERED TRADE MARK 


The Technically Controlled Castings Group 
18 ADAM STREET, LONDON, W.C.2. 
LAKE & ELLIOT, LTD, BRAINTREE > SHOTTON BROS., LTD., OLDBURY 


S. RUSSELL & SONS, LTD., LEICESTER * HENRY WALLWORK & CO.,LTD , MANCHESTER 
JOHN WILLIAMS & SONS (CARD FF) LTD 























There are 
WILD-BARFIELD ELECTRIC FURNACES 


for all heat-treatment purposes 


Circulation Furnace. Designed for punt, 
secondary hardening, tcmpering,annealing and nitriding 





WILD-BARFIELD ELECTRIC FURNACES LTD. 
ELECFURN WORKS, WATFORD BY-PASS, WATFORD, HERTS. 
Telephone : WATFORD 6094 (4 lines) Telegrams & Cables: ELECFURN, WATFORD 














Se 
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THE COSSOR DOUBLE BEAM OSCILLOGRAPHS 





Here are some details 

of Model 1049 as 
illustrated: 

The Double Beam Tube pre- 
sents two simultaneous inde- 
pendent traces over the full 
diameter of a 90 mm. screen 
and provision is made for the 
measurement of both input 
voltage and time upon the 
calibrated dials of the Instru- 
ment. The Oscillograph is 
particularly suitable for ob- 
taining permanent _photo- 
graphic records using the 
Camera Model 1428, for 
which a Motor Drive Attach- 
ment, Model 1429, is available. 





Can this 
Instrument 
solve a 
problem 


for you? 


Widely different industries are daily finding 
new uses for the COSSOR Double Beam 
Oscillograph.. Sometimes it provides the 
answer to an industrial problem of long 
standing. The tracing and measurement of 
noise, strain and vibration are typical everyday 
applications of this versatile instrument which 
is already helping engineers in industries as 
far apart as brewing and the manufacture of 
jet engines. Call on our technical advisory 
staff if you have a problem. They will quickly 
let you know whether the Oscillograph can 
help you. 


COSSOR 


Double Beam OSCILLOGRAPHS 


Please address enquiries to: 


A. C, COSSOR LTD., INSTRUMENT DIVISION (DEPT. T), HIGHBURY GROVE, LONDON, N.5. 


Telephone ; CANonbury 1234 (30 lines). Ci.2i 
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Our Works are organised to pro- 
duce all sizes of Bolts from }" to 3", 
larger if necessary, 

Prompt deliveries for small or large 
orders. Let us quote for your re- 
quirements. 


W. MARTIN WINN LTD. 


DARLASTON, S. STAFFS. 
Phone: Darlaston 72-3-4 
Grams: “‘Accuracy” Darlaston 





DOW’ Q’WW ww vl!E’=lTlme 2B 





S 


BRAMMER 
@ The adjustable V-link belt for 
all power drives. 
@ Fitted without dismantling 
machinery. 
@ 5 sizes of BRAMMER will 
X 


revlace 295 standard sizes of 
solid ropes. 


@ No distortion when flexed 
round small pulleys. 


@ Essential for fixed centres. 
@ Will replace any solid rope. 


Send for catalogue now. 


N 
S 


BRAMMER.\«BELTING 


Sole \ 
H. BRAMMER & CO. LTD. * LEEDS 9 = Manufacturers i 
CANADIAN SUBSIDIARY: H BrammerCanada Ltd., 3524 St. James Street West, Montreal and Patentees 


WS 
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MACHINERY 


Soom the most modern 
and comprehensive 
stocks tn the country — 


This month’ eramples— 


VERTICAL BORING AND}TURNING MILL, 38” swing. 
Working surface of table 36” dia. Max. height admitted 
under cross rail 21’°. Drive by double fast and loose 
pulleys 21” dia. x 3’’ face, through gear-box giving eight 
speeds to table. Head fitted with five position turret 
with three toolholders.. 


Make: SMITH & COVENTRY. Cat. Ref. 80941 


BORING LATHE, 9’’ height of centres, max. dist. chuck 
face to turret face 3’ 3’’, dist. across turret flats 18’’, size 
of turret faces 104’’ x 54’’ x 3}’’ dia. holes in turret, all 
geared head with motor drive, through vee pulley, from 
12°5 h.p. motor at 965 r.p.m. for 400/440/3/50 supply. 
Three feeds 12, 24, 48 cuts per inch, belt driven suds pump 
and fittings, arranged for air chucking for 6” dia. Fitted 
with push button starter and auxiliary compound saddle. 
Make: SWIFT. Cat. Ref. 80039. 


Remember WARDS 
might have tft —~ 


Have you,had 
the latest copy of the “ Albion Machinery Catalogue"? 





THO: W. WARD LID 


4EBEOR HWHOHRKS - SEX EEFEEE ER ED 


TELEPHONE 26311 i! . TELEGRAMS FORWARD. SHEFF 


LONDON OFFICE: BRETTENHAM HOUSE - LANCASTER PLACE - STRAND - Wi 














ROBERT RILEY LIMITED] EST, | Telephone: Rochdale 2237 (4 lines) 
Milkstone Spring Works, Rochdale | 1821 j Telegrams: ‘Rilospring’ Rochdale 









FOR SPEEDY PRECISION GRINDING & LAPPING 


OF CARBIDE OR HIGH SPEED STEEL TOOLS 

Young brother to the well known ‘Abwood’ 

Carbide Tool Grinders, the new bench machine 

fills the gap for the small shop or the production line. 

Important features include: — 

1. Built in rotor stator unit with our latest type, easily 
adjustable Taper Roller Bearings which mean a 
tight bearing always. 

. Swing aside wheel guards and electrical re- 

verse for right and left hand grinding. 

Screw-operated feed to table for wheel wear. 

Screw-operated angular table fitting. Mach- 

ine divided arcs for accuracy. 

Uses 6" diameter wheels, either vitrified or 

diamond. 
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ABWOOD 2:2 
MODEL C.G.O. Tool Grinding & Lapping Machine 


THE ABWOOD TOOL & ENGINEERING CO. LTD., PRINCES ROAD, DARTFORD, KENT 
Telephone: Dartford 2258/9 Telegrams: Abwood, Dartford 
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AJAX AJ5 motorised pre- 
co a cision Utility Heads used 
@eees singly or in groups of two 


or more, permit quick and 
inexpensive building-up of 
special purpose machine 
tools to give accurate, 
consistent and speedy pro- 
duction of many kinds of 
repetition jobs. Illustrated 
is a pairing of them en- 
gaged in plunge milling 
two slots, 2}” long by ” 
wide, through the ,4” 
thick walls of aluminium 
casting. Floor -to- floor 
time is only 40 seconds. 
One female operates it 
during the traverse time of 
a larger machine which 
she also tends. Capital 
cost is a fraction of that 
involved by other mach- 
ines and methods and 
floor space is negligible. 














AJAX AJjS UTILITY HEAD 
Motor driven by rotor and 
stator unit & h.p. at 1425 
r.p.m. or } h.p. at 2800 
~~ a Wo oe 
r.p.m.as required. Suit- 
able for 400-440 volts 3ph. 
50 cycles. Height of motor centre: 44 ins. A 3 ins. dia. 3-jaw 
self-centring chuck is standard (4 ins. dia. chuck supplied 
if required). Alternatively, can be supplied with lever-operated 


collet mechanism, to take work up to 14 ins. diameter . 


( AJAX -) MACHINE TOOLS 


AJAX MACHINE TOOL CO. LIMITED., 


WEST MOUNT WORKS, HALIFAX, YORKS. 
PROPRIETORS: ADA (HALIFAX) LTD., 
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@ 50mm.and 90mm. centre height. 
@ Very wide range of accessories. 
@ ideal for turning, polishing, saw 
=. cutting,drilling, milling and 


grinding of small parts. 
MICRO my © Forspeeds upto 12,000 r.p.m. 


LATHES 


FOR CATALOGUE 


TOU. CAN TUES A HAIR ON A Part TRA LATHE 


PRESS TOOLS 


MOULDS 


AND JIGS 


LID 


TRAMWAY PATH 
HAM 
REY 


Phone ; Mitcham 1624-5-6. 
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AIR COMPRESSORS 





We have standard types for all capacities 


and pressures and can supply the most 


efficient and reliable machine for any duty. 


) REAVELL & CO. LTD. - IPSWICH 


Telegrams: “ Reavell, Ipswich.” Telephone Nos. 2124-5-6 
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KERAUNOS UH. 


>, SIEGEL 


AND PAX HACKSAW BLADES 


A blade for every application 


Good supplies available 


HE Saben range of hacksaw blades is complete in 

every respect. * Keraunos ’ blades are for repeti- 
tion production sawing by hand or machine, and 
for sawing hard materials such as nickel chrome 
steels, stainless steels, and annealed tool steels. 
They will saw materials beyond the scope of the low 
alloy blade, give greater outputs on repetition 
sawing and eliminate frequent stops for blade 
changing. ‘Pax’ Tungsten Steel blades are reliable 
standard blades with a wide range of applications. 
‘Pax Flextra’ blades (spring back) are for semi- 
skilled users and for sawing when work cannot be 
held firmly. ‘Pax Flexible’ blades are for use where 
saw is subject to rough handling. Double Edge 
blades complete the range. 








ASK YOUR STOCKIST 
For ‘Pax’ and‘Keraunos’ blades 
and other ‘Saben’ products 














OTHER SABEN PRODUCTS: 


All types of Tool and Die Steels including 
Cobalt Steels and Non-Shrink Die Steels. 
Tool Bits, precision ground and hardened and 
tempered ready for use. Brands:-‘SabenTenco, 
(10% Cobalt 22% Tungsten), ‘Saben Wunda’ 
(6% Cobalt 22% Tungsten), ‘Saben Extra’ 
(18% Tungsten). Small tools including High 
Speed and Carbon Twist Drills, Milling 
Cutters; Reamers, Side and Face Cutters. 
Tipped Tools, ‘Sabenite’ brand. 


SANDERSON BROTHERS 
AND NEWBOULD LIMITED 


ATTERCLIFFE STEELWORKS, SHEFFIELD 
Steel and Saw Makers for 170 years. 











Mione : 
HIGH WYCOMBE 
1921/2 





TOOL MAKERS 
MOULDERS - ASSEMBLERS 
TUBE MAKERS 


RELIABILITY 


A:1°D Approved 





ELCO PLASTICS LTD 
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TUBE LAMINATION LTD. 





DESBOROUGH PARK ROAD, HIGH WYCOMBE, BUCKS 
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GRAVITY 


Diamond powder suspended in 
liquid flows through the vessel. The 
finest particles pass out of the vessel 
and the coarse are retained. This is 
the basis of the accurate grading 
of Diadust. 





VAN MOPPES & SONS 
(DIAMOND TOOLS) LTD 








DIATIPT WORKS - 





NORTH CIRCULAR ROAD - LONDON NW2 - GLADSTONE 822! 
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_— WHEEL GUARD 


GRIP HANOLE 
\ 


NOW TAKE A 


Holman Pneumatic Rotogrinds, as_ this 
sectional drawing shows, are simple and 
sturdy in construction, so that they require 
no attention beyond weekly lubrication with 
a grease gun. Their slick efficiency on the 
job makes them popular with workers in 
foundries, workshops, shipyards, oil install- 
ations and civil engineering projects. Their 
power/weight ratio is high and their vane- 
type air motor makes for smooth, quiet 
running. The range extends from precision 
grinders to heavy-duty types. “Grip” or 
“* Straight *’ handles are supplied. 


DELIVERY EX. STOCK 


i 
1801 @ [1951¢ 


150 YEARS 


NTLY LOCATED 


CLOSER LOOK 


SPECIFICATION 
fvge Seget ; Length ins. Weight Ib. 


16,000 | i2 4 
2 8,500 eR 


18} 
4 5,500-6,500 21: 


~ Loco Rod 6,500 29 
Type | 








Extension Grinders, Surface Grinders, Shank Grinders 

and Rotosanders are also available. 

MEMO Up-to-date illustrated catalogues of all 
Holman pneumatic tools, with full specifi 
cations, are now ready. May we send 
you one ? 


The first name 
for lasting service 


folman 


CAMBORNE. ENGLAND 
Camborne 2275 (7 lines) 


Telegrams: Airdrill, Camborne 
Cyhcidi. y CC ry 


RIVETERS for all classes of 
work. New designs with easy 
but precise control. No vibra- 
tion, no maintenance, no trouble. 


Telephone : 





v 


Holders-on also available. 
4H.A.3 


Agencies throughout the World. 


ROTODRILLS. The Holman 
range includes models for almost 
every job a drill will do—including 
all sizes of reversing and non- 
reversing screw-feed drills, hand- 
held drills and woodborers. ¢ 


Branches and 








All communications regarding advertisements should be addressed to the Advertising Managers, 


T. G. Scott & Son, Ltd., Talbot House, 9, Arundel Street, London, W.C.2. 


Printed by Maxwell, Love & Co. 


Phone : Temple Bar 1942. 


Ltd. Bradley’s Buildings, White Lion Street, London N.1. 











»iman 
Imost 
uding 





